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GEOPRESSURED INDUSTKY FOKUM 
MARCH 4 & 5 ,  1986 
MORNING SESSION, MARCH 4 ,  1986, 8:30 - NOON 
PROGRAM AND ATTENDEES LIST FOLLOW THESE MINUTES 
WELCOME ANI) INTKODIJCTION 
PROGRAM OVERVIEW 
H .  F .  C o f f e r ,  EG&G 
Ray For tuna ,  DOE-Washington 
Ray For tuna ,  the  new Program Manager Eor DOE from Washington, 
w a s  i n t roduced  and asked t o  make a few comments. 
N o  Quest ions.  
FIELD ACTIVITIES SUMMARY S .  Pres twich ,  D O E - I D  
Ques t ion  (Frank O ' B r i e n ,  WKT): Susan,  i n  l i g h t  o f  t h e  budget  
problem, and i n  l i g h t '  o f  t h e  f a c t  t h a t  i t  h a s  a l r e a d y  been  a 
two-year d e l a y  i n  do ing  the EPKI expe r imen t ,  why h a s n ' t  the  
d e c i s i o n  been made t o  do i t  a t  Gladys McCall? 
Comment (Dave Lombard, DOE-HQ):  Well, i t ' s  Elowing d o e s n ' t  
r e q u i r e  e x t e n s i v e  work. 
Ques t ion  (Frank O ' B r i e n ,  W K T ) :  I c a n ' t  unde r s t and  why that  
d e c i s i o n  and emphasis c o n t i n u e s  t o  go  t o  P l e a s a n t  Bayou. 
Hank r e p h r a s e s  q u e s t i o n :  Why i s n ' t  t h e  d e c i s i o n  f o r  EPRI  t o  
u s e  the Gladys McCall r a t h e r  t h a n  t h e  P l e a s a n t  Bayou w e l l ?  
Comment (Susan P r e s t w i c h ,  D O E - I D ) :  We looked a t  t h a t  i s sue  
and ,  f o r  several  reasons, w e  chose to continue a t  Pleasant 
Bayou. F i r s t  o f  a l l ,  P l e a s a n t  Bayou . i s  a second o p e r a t i n g  
s i t e .  It r e a l l y  b o i l e d  down t o  f i n a n c i a l  a s p e c t s .  To p u t  t ha t  
sys tem i n t o  McCall we were l o o k i n g  , a t  e x t e n s i v e  amounts of  
d o l l a r s .  So w e  *have chosen t o  cont*inue a t  P l e a s a n t  Bayou. 
Ques t ion  (Frank .O 'Br i en ,  WKT): ' I t ' s  cheape r  t o  d o  i t  a t  
P l e a s a n t  .Bayou t h a n  a t  Gladys McCall? ,Is t h a t  t h e  s y n o p s i s  o f  
Comment (Susan P res twich ,  DOE.-ID): N o ,  I would n o t  s a y  i t ' s  
c h e a p e r ,  b u t '  I would s a y .  a t  t h i s  p o i n t  i t  appeared  t o  be a 
l i t t l e  more c o s t  e f f e c t i v e  t o  s t a y  a t  P l e a s a n t  Bayou. 
what y o u ' r e  s ay ing?  1 .  
Quest ion  (Frank O 'Br ien ,  WKT): That remains your  d e c i s i o n  i n  
l i g h t  o f  t h e  budget  problem you d e s c r i b e d ?  
Answer (Susan P r e s t w i c h ,  DOE-ID): Yes. 
Comment (Dave Lombard, DOE-HQ): There are a couple of other 
factors involved. One of them, of course, is EPRI's 
objectives. We have consulted very closely with EPRT on this 
question. They have had a strong preference for Pleasant 
Bayou. There are a number of reasons that Evan may want to 
comment on. Secondly, there are some reservoir questions. Our 
basic objective in the program is to learn as much as we can 
about what makes these reservoirs flow. At Gladys McCall, 
we're at the point we're able to run that valve wide open and 
no matter who makes the prediction, we're going to draw the 
well down. Some people think it will take a little longer and 
some people think we'll have it done in a few months, to the 
point where we'll have accomplished our mission at that site. 
Right now it is flowing a little over 30,000 barrels a day, and 
the wellhead pressure at that flow rate, correct me if I ' m  
wrong, is just a little over 1,200 pounds per square inch. You 
need 1,200 to operate all that surface equipment to separate 
gas and b r i n e .  What's declining i s  the flow r a t e .  Depending 
on who does the analysis, sometime this fiscal year or sometime 
this calendar year, or perhaps sometime next year, we will be 
at the point where we'll be down to a few thousand barrels a 
day, and we've learned everything the wellhead can teach us and 
we'll stop flowing. With that kind of future for the McCall 
site, and since you're not going to start the EPRI experiment 
probably until next fall at the earliest, we wondered about our 
ability to supply fluid and accomplish both objectives of the 
program at the same time. We don't have quite so many problems 
with Pleasant Bayou because it hasn't flowed nearly as many 
barrels. The reservoir is at least as big, and we're not going 
to start flowing it until we get finished with Gladys McCall. 
Those are some additional reasons for Pleasant Bayou. 
Comment (Evan Hughes, EPRT): Last fall, EPRI did begin to look 
into moving some experiments to the Gladys Mccall site, and it 
looked like it wouldn't improve the schedule very much at the 
time although there have been subsequently more delays at 
Pleasant Bayou as you've heard this morning. But also we 
already have Houston Lighting and Power involved at the 
Pleasant Bayou site, and we didn't find (last fall) comparable 
utility involvement at the Gladys McCall site, and then the 
contractor's estimate for installation-again was pretty high at 
the Gladys Mccall site. Those are basically the reasons why we 
decided that despite the delay in schedule, we better stick to 
the plan to g o  to Pleasant Bayou. 
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Quest ion  (D. Bohanan): Evan, i f  you d o n ' t  mind m e  a s k i n g ,  what 
was t h e  d i f f e r e n c e  between t h e  p r i c e  p a i d  f o r  e l e c t r i c i t y  a t  
t h e  two s i t e s ?  
A n s w e r  (Evan Hughes, EPKI): I t  t u r n e d  o u t  t h e  voided c o s t s  a r e  
p robab ly  abou t  t h e  same e i t h e r  p l a c e ,  and w e  have been s e l l i n g  
a t  abou t  2 c e n t s  p e r  k i l o w a t t  hour .  
Hank CofEer:  Thank you v e r y  much Susan f o r  a b e a u t i E u l  
p r e s e n t a t i o n .  
Comment ( H .  C o f f e r ,  EG&G) on EPRI:  I d i d n ' t  want t o  g e t  i n  
t h i s  p o l i t i c a l  d i s c u s s i o n  abou t  Gladys McCall v e r s u s  P l e a s a n t  
Bayou, h u t  t h e r e  was one o t h e r  t h i n g  n e g l e c t e d  i n  t h e  
d i s c u s s i o n .  Gladys was go ing  t o  serve as a backup i n  case w e  
c o u l d n ' t  g e t  t h a t  b r i d g e  p lug  o u t  of  t h e  h o l e .  The b r i d g e  p lug  
came o u t  o f  t h e  h o l e  and s o  i t  does appea r  t h a t  P l e a s a n t  Bayou 
i s  go ing  t o  b e  a v i a b l e  w e l l .  There was a good chance t h a t  
we'd neve r  g e t  i t  reopened and t h a t  we'd had t o  go t o  Gladys 
McCall. Rut t h e  b r i d g e  p lug  i s  o u t  o f  t h e  h o l e  now and the 
5-1/2 i n c h  i s  o u t  o f  t h e  h o l e ,  which means t h a t  w e  a re  go ing  t o  
be  a b l e  t o  u s e  i t  f o r  t h e  EPRT exper iment .  
Comment (Evan Hughes, EPRT): You might a l s o  mention t ha t  the 
a c c e s s  t o  P l e a s a n t  Bayou i s  much eas i e r  f o r  pu rposes  o f  t h i s  
demons t r a t ion .  
Comment ( H .  C o f f e r ,  E,G&G): Y e s ,  t h e  a c c e s s  f o r  p e o p l e  t o  go 
o u t  and watch t h e  l i g h t  b u l b  burn  i s  much e a s i e r .  And i t  i s  
also much cheape r  f o r  peop le  t o  g e t  o u t  t h e r e .  You can  h i r e  
people  r i g h t  i n  t h e  area and t h e y  l i v e  t h e r e ,  whereas Gladys 
McCall, u n l e s s  y o u ' r e  Cajun, v e r y  few peop le  l i v e  o u t  i n  t h a t  
a r ea .  You have t o  import  your  workers  from Lake Charles o r  
L a f a y e t t e  o r  somewhere l i k e  t h a t .  A t  Pleasant Bayou t h e r e  i s  a 
town j u s t  sev-en m i l e s  down t h e  ' road. So t h e  l o g i s t i c s  f a v o r  
P l e a s a n t  Bayou. The r e a l  problem w i t h  P l e a s a n t  Bayou was t h e  
b r i d g e  p lug .  And t h a t ' s  a l r e a d y  b e e n  answered - i t  i s  o u t  o f  
t h e  h o l e  now. 
GLADYS McCALL WELL STATUS Tom Meahl, EOC 
Ques t ion  (Char l e s  Gilmore,  DOE-ID): What i s  t h e  d i f f e r e n c e  
between t h e  two c u r v e s ?  What 's  t h e  t o p  c u r v e  and t h e  bot tom 
cu rve?  
Answer  (Tom Meahl, EOC): The c u r v e s  a re  t h e  h i g h  and low 
r e a d i n g s  from t h e  Geiger  c o u n t e r  used €or  t h e  1-131 r e a d i n g s .  
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Q u e s t i o n  (Frank O ' B r i e n ,  WKT): What i s  t h e  c u r r e n t  p r i c e  o f  
g a s  t h a t  you g e t ?  
Answer (Tom Meahl, EOC) :  The c u r r e n t  p r i c e  i s  about  $1.93. 
Ques t ion  (Mr. McCluskey, AMOCO): I ' v e  hea rd  s e v e r a l  t i m e s  t h a t  
t h e r e ' s  30,000 b a r r e l s  o f  wa te r  p e r  day ,  b u t  I ' v e  never  hea rd  
how much gas  y o u ' r e  go ing  t o  have .  
Answer (Tom Meahl, EOC): About 758,000 c u b i c  f e e t  p e r  day .  
T h i s  varies o f  c o u r s e  w i t h  t h e  p r o d u c t i o n .  
Ques t ion  ( ? ) :  Is t h i s  p r e t t y  c o n s t a n t ?  
Answer (Tom Meahl, E O C ) :  Yes, i t  i s  p r e t t y  c o n s t a n t .  
Ques t idn  (Ben Eaton ,  E O C ) :  
A n s w e r  (Tom Meahl, EOC) :  Y e s  s i r ,  w e  a r e  g e t t i n g  some o i l .  We 
are g e t t i n g  about  a q u a r t e r  o f  a b a r r e l  o f  d i s t i l l a n t  o u t  o f  
o u r  c o o l e r  a day and w e  a r e  g e t t i n g  12-15 g a l l o n s  o f  very  heavy 
o i l .  I t ' s  g o t  a pour  p o i n t  something i n  e x c e s s  o f  room 
t empera tu re .  I n  o t h e r  words,  i f  i t  g e t s  down t o  about  100 
d e g r e e s  i t  g e t s  t h i c k  enough t h a t  i f  you t u r n  i t  u p s i d e  down i t  
won' t  pour .  
Tom, a r e  you g e t t i n g  any o i l ?  
Q u e s t i o n  ( ? ) :  When d i d  t h a t  s t a r t ?  
Answer (Tom Meahl, EOC): A s  f a r  as  I know, i t ' s  been t h e r e  
f o r e v e r  . 
Quest ion  (Dave Riney ,  S-Cubed): How d i d  you t e l l ?  
Answer (Tom Meahl, EOC): While we've been reworking t h e  w e l l ,  
w e  i s o l a t e d  one of o u r  blowdown t a n k s  and w e  d r a i n  o f f  e v e r y  
day so w e  can measure what w e  g e t .  
What w a s  t h e  d i f f e r e n c e  i n  bot tom h o l e  p r e s s u r e  from when i t  
w a s  a d j u s t e d  ... Hank s a i d  " t h a t  w i l l  p robab ly  be d i s c u s s e d  by 
Xiney. H e  w i l l  be t a l k i n g  abou t  t h a t  when he  t a l k s  about  t h e  
r e s e r v o i r  performance.  There h a s  been ,  o f  c o u r s e ,  a thousand 
pound drawdown o r  something l i k e  t h a t  i n  t h e  r e s e r v o i r " .  
Ques t ion  ( ? ) :  When you s a i d  t h e r e  w a s  no sand o v e r  t h e  
p e r f o r a t i o n s ,  how d i d  you know t h a t ?  
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Answer (Tom Meahl, E O C ) :  I ran  a dump b a i l e r  on a w i r e l i n e  
u n t i l  I h i t  bot tom. It has  a measuring dev ice  on i t .  I h i t  a 
c l e a n  bottom. I recovered  no th ing  t h e r e .  I d i d  t h e  same t h i n g  
i n  t h e  d i s p o s a l  wel l  where I go t  sand back.  T h a t ' s  about  
26 - fee t  of  p e r f o r a t i o n .  But on t h i s  one I went a l l  t h e  way 
through t h e  p e r f o r a t i o n s ,  then I c a l i b r a t e d  t h e  w i r e l i n e  s o  I 
knew where I was. 
Ques t ion  ( D .  Riney,  S-Cubed): Did  you n o t i c e  any sand a long  
t h e  p e r f o r a t i o n  . . . y  ou c a n ' t  t e l l  t h a t  can you? 
Answer (Tom Meahl, EOC) :  N o .  The w e l l  i s  s h u t  i n ,  I d o n ' t  
know t h a t .  I could  f i n d  o u t  b u t  i t  would be a v e r y  expens ive  
t e s t .  
Comment (Hank C o f f e r ,  EG&G): I t ' s  been a r a t h e r  unusua l  w e l l  
and we ' r e  a l l  ve ry  p l eased  wi th  be ing  a b l e  t o  f low i t  t h i s  long 
a t  t h i s  r a t e .  Ben Eaton and I a r e  having  f i g h t s  eve ry  day 
about  when i t ' s  going  t o  f a l l  a p a r t .  Right  Ben? We've even 
got  a s t e a k  d inne r  on i t  t o o .  
Comment (Tom Meahl, EOC): I ' v e  a l r e a d y  g o t  mine. 
GLADYS McCALL SCALE I N H I B I T I O N  M .  Tomson, Rice U n i v e r s i t y  
Ques t ion  ( P h i l  Randolph, I G T ) :  Regarding bottom h o l e  p r e s s u r e  
a t  P l e a s a n t  Bayou - does p r e s s u r e  have any e f f e c t  on 
p r e c i p i t a t i o n  o f  t h e  s c a l e ?  
Answer ( M .  Tomson, Rice Univ.) :  No. Glad you asked though.  
Quickly now, t h e  format ion  i s  c a l c i t e  cemented. Consequent ly ,  
i t  i s  a l r e a d y  nuc lea t ed  and the  a c t i v a t i o n  e n e r g y  for 
n u c l e a t i o n  has a l r e a d y  been spen t  s o  you a r e  r e a l l y  
p r e c i p i t a t i n g  ca lc ium ca rbona te  o n ,  ca lc ium ca rbona te .  
Consequent ly ,  t h e r e  i s  v i r t u a l l y  no i n h i b i t i o n  l e v e l  and 
consequen t ly  s c a l e  t a k e s  p l a c e  e s s e n t i a l l y  c o n t i n u o u s l y ,  i f  i t  
can t a k e  p l a c e .  And t h e  assumption w e  used i n  t h e  a n a l y t i c a l  
s o l u t i o n ,  P h i l ,  was t o  assume t h a t  t h e  s a t u r a t i o n  index  
ma in ta ins  ze ro  a t  a l l  p o i n t s  a s  t h e  r a d i a l  d i s t a n c e  o u t  i n  t h e  
format ion  i t s e l f .  Then we used e a r l y  d a t a  i n  term's of t h e  
a c t u a l  we l l  productCon d a t a  and so  f o r t h .  'Does t h a t  answer 
your q u e s t i o n ,  P h i l ?  I n  other .  words,  t h e r e  i s  no p r e s s u r e  
l i m i t a t i o n  a t  which s c a l e  beg ins .  I n  t h e  format ion ,  i t  should  
t a k e  p l a c e  c o n t i n u o u s l y  a t  a l l  t imes  when t h e  format ion  i s  
c a l c i t e  cemented. 
Ques t ion  (James F a i r c h i l d ,  Dowdle, F a i r c h i l d  EZ Ance l l ,  I n c . ) :  
What i s  p seudosca le?  
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Answer (M. Tomson, Rice Univ.): Glad you asked. This is your 
time not mine. Guy Lusac, you know Guy Lusac's gas law back in 
the 1800s. Guy Lusac came up with a rule of thumb in about 
1800 that inhibitors of scale precipitation will be insoluble 
salts of the scale itself. Pseudoscale simply means that the 
inhibitor's calcium salt is becoming the problem and not the 
solution. Hence, it is called pseudoscale. That's the short 
of it. 
Question (Frank O'Brien, WKT): A generic type of conclusion 
was reached that acid treatment was more cost effective under 
certain circumstances than inhibitor. Does this apply to the 
DOE design well in any way? 
Answer (M. Tomson, Rice Univ.): Absolutely not. The economics 
of that are diluted to about $400,000 a year to remove scale by 
repeated acidizing. And that's neglecting all problems of 
safety, problems of mechanics, and so f o r t h .  
Question (Frank O'Brien, WKT): S o  there's a narrow range in 
which scale removal is cheaper than inhibition. 
Answer (M. Tomson, Rice Univ.): A very narrow range. 
Comment (Ben Eaton, EOC) :  It is strictly limited to a poor boy 
operation where you can basically dump the acid. You can't 
have any high pressure... 
Comment (Dave Lombard, DOE-HQ): There's also the question of 
the production that you lose when you shut in to acidize. And, 
if you have to do that frequently, there can't be significant 
economic savings. 
Question (Bob Shopland, RCS Geotechnical): When you compare 
the cost of squeeze versus the acidizing, what's the affect on 
down time? You said one was four times a year and the other 26 
times a year. What's the affect on down time? 
Answer (M. Tomson, Rice Univ.): Ben can answer that. Sundar 
told me not to get into this economics stuff. Ben, would you 
have a comment on the down time, on the relative rate, down 
time loss, and so forth on acid versus inhibitors. 
. . . .  - 
Answer (Ben Eaton ,  E O C ) :  I ' l l  r e f e r  t h a t  t o  Tom Pleahl. 
Answer (Tom Meahl, E O C ) :  I ' l l  g i v e  t h i s  a t r y .  About eve ry  
two weeks you could s h u t  down and do an a c i d  j o b .  By t h e  t i m e  
you g e t  t h e  w e l l  reduced i n  r a t e  and you ge t  i t  back on,  y o u ' r e  
go ing  t o  l o s e  a t  l e a s t  a d a y ' s  p roduc t ion .  With t h i s  happening 
26 times a y e a r ,  you 've  l o s t  a l o t  o f  gas  p roduc t ion .  With the 
i n h i b i t o r  y o u ' r e  go ing  t o  l o s e  about  t h r e e  d a y s ,  and these 
sca le  t r e a t m e n t s  a r e  l i k e  e v e r y  s i x  months, maybe even 
l o n g e r  ... t h a t ' s  as  c l o s e  as I c a n  come f o r  you. 
Q u e s t i o n ( ? ) :  Cost of  down t i m e ?  
Answer (Tom Meahl, EOC): A l l  r i g h t ,  I ' m  l ook ing  a t  $400,000 
f o r  t h e  a c i d  t reatment  and p i l l  t reatment ,  $40,000.  
Quest ion  ( Jack  Ramstha ler ,  EG&G Idaho) :  Tom, when you e n t e r  a 
w e l l ,  you run  a r i s k  of  do ing  a l o t  o f  damage. When you do 
t h a t  26 times a y e a r ,  i t  seems t o  m e  a s  imposs ib l e .  
A n s w e r  (Tom Meahl, E O C ) :  Well ,  you d o n ' t  mess up,  o r  y o u ' r e  
going  t o  l o s e  your w e l l .  
Comment (Hank C o f f e r ,  E G G ) :  I t h i n k  Ben p u t  i t  i n  p e r s p e c t i v e  
when he  s a i d  about  t h e  on ly  t i m e  you could  a f f o r d  t o  do an  
a c i d  j o b  i s  a n  o p e r a t i o n  where you j u s t  pour t h e  a c i d  i n .  I f  
you have t o  go t o  h i g h  p r e s s u r e  equipment,  t hen  the economics 
r e a l l y  f l i p  ove r  t h e  o t h e r  way, and you do i t  as  i n f r e q u e n t l y  
as  p o s s i b l e .  
Comment ( P h i l  Randolph, I G T ) :  I j u s t  wanted t o  add a t i n y  
thought t o  that a n s w e r .  T h e  situation that B e n  and Tom are at, 
and t h e  s i t u a t i o n  a t  t h e  Gladys M c C a l l  where the  w e l l  i s  
geopres su red ,  when you pump i n  a t  h i g h  p r e s s u r e  and you open a 
v a l v e ,  the w e l l  comes back a t  ' y o u .  A l o t  of Mason's 
d i s c u s s i o n s  a r e  o n  t h e  Hitchcock r e s e r v o i r  which i s  now 
s u b h y d r o s t a t i c .  I ' l l  go i n t o  d e t a i l s  when I t a l k  about  i t  
tomorrow a f t e r n o o n ,  b u t  v e r y  b r i e f l y ,  i f  you u s e  t h e  i n h i b i t o r  
squeezes ,  you s t o p . f o u r  days t o  a week of  p r o d u c t i o n .  The acid 
t r e a t m e n t s  a r e  be ing  accomplished i n  a day w i t h  s imply  no  loss  
o f  p roduc t ion .  I ' l l  g i v e  t h e  d e t a i l s  tomorrow a f t e r n o o n .  
Comment (Hank C o f f e r ,  EGStG): So i t ' s  going  t o  be  w e l l  
dependent .  
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GLADYS McCALL WELL Phil Randolph, TGT 
Question (James Fairchild, DFELA): Based on a draw down 
calculation, what difference does that make in flow rate? On a 
high productivity well, when there is 20 lbs. in a calculated 
bottom hole pressure, there can be a big rate difference in the 
formation. 
INSTRUMENTATION & MEASUREMENTS Terry Osif, IGT 
Answer (Phil Randolph, IGT): The only thing I can calculate is 
from the surface measurement and the tubular diameters. If you 
scale up the tubulars, you reduce your diameter and calculate 
ridiculous answers down here. That's a good number for the 
flowing bottom hole pressure inside the casing. You have to 
tell us what the flowing bottom hole pressure is just outside 
the skin. It is going to be a few hundred psi higher. Skin 
drop is not a factor in this calculation procedure. If we got 
together, we could work it in if you wanted to. But at the 
moment, skin drop is not in this thing and that figure is in 
between the psi pressure you're talking about. 
Question (James Fairchild, DFELA): I understand that, but what, 
for example, what's the barrels per day per psi out in the 
formation? 
Answer (Phil Randolph, IGT): I simply haven't done a PI on 
this. We could do it but I haven't. 1 don't have an answer. 
The real reason we wanted to run this calculation is the bottom 
line. From the brine ratio and some additional work going on, 
we do not believe that this reservoir has yet been drawn to its 
bubble point. This reservoir was not saturated before man got 
there. EBT work back in the beginning o f  this test, by local 
laboratories at Lafayette, suggested that the gas brine bubble 
point was probably about 9200 psi. Terry will suggest that we 
are just getting to the bubble point in conjunction with this 
draw down in terms of field data. It is starting to look like 
the bubble point from field data is going to be damn close to 
the bubble point from EBT a few years ago. And this sucker 
hadn't gotten there yet. That's been our big motivation, to 
try to come to an understanding of bottom hole pressure 
history. 
Question (Hank Coffer, EGSrG): You're talking about the bubble 
point right at the well bore and not out in the reservoir? 
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Answer ( P h i l  Randolph, IGT): We are  s i m p l y  t a l k i n g  about  t h e  
bubble  p o i n t  i n  t h e  r e s e r v o i r .  
TERRY OSIF GAVE HIS PORTION OF THE PRESENTATION HERE. 
Ques t ion  (Mason Tomson, Rice  Univ . ) :  You r e f e r r e d  t o  t h e  f a c t  
t h a t  t h e  hydrocarbons could  be  forming small b u b b l e s ,  t h e n  
b u r s t i n g  o u t  and so f o r t h ?  No, you w e r e n ' t ?  I thought  you 
were s a y i n g  t h e y  might be coming o u t  n e a r  the w e l l  b o r e  r e g i o n .  
A n s w e r  (Te r ry  O s i f ,  IGT): No, what has happened i s  tha t  gas 
was d i s s o l v e d  i n  t h e  b r i n e  f u r t h e r  o u t  i n  t h e  r e s e r v o i r .  A s  i t  
approaches  t h e  w e l l  b o r e  i t  undergoes a p r e s s u r e  r e d u c t i o n ,  and 
t h e  gas  t h a t  d i s s o l v e d  i n  t h e  b r i n e  f u r t h e r  o u t  i n  the 
r e s e r v o i r  comes o u t  and i s  l i b e r a t e d  n e a r  t h e  w e l l  b o r e .  But 
t h e  volume i s  s o  small t h a t  i t  c a n ' t  f low and i s  t r a p p e d  i n  t h e  
pore  space .  
A n s w e r  ( P h i l  Randolph, TGT): But once you g e t  enouqh, the 
bubb les  j o i n  each  o t h e r  and you g e t  g a s  f low and tha t  s t h a t  
s p u r t  o f  d i f f e r e n t  chemis t ry  you are  t a l k i n g  a b o u t .  
Ques t ion  (Mason Tomson, Rice  Univ . ) :  May I pursue  t h e  
q u e s t  i o n ?  T h a t ' s  what I thought  you meant.  Now i f  I 
u n d e r s t a n d ,  t h a t  would be a p e r i o d i c  phenomena? 
A n s w e r  (Te r ry  O s i f ,  IGT): Depending on c o n d i t i o n s .  You see, 
t h i s  happened when t h e  f low ra te  was i n c r e a s e d  which r e s u l t e d  
i n  t h e  d e c r e a s e  i n  t h e  bottom h o l e  p r e s s u r e ,  which a l lowed t h e  
g a s  s a t u r a t i o n  near t h e  w e l l  b o r e  t o  i n c r e a s e ,  a l l o w i n g  t h e  
f low.  I f  you produce a t  a c o n s t a n t  r a t e ,  I c a n ' t  see how t h e  
gas saturation is going to get much above critical. Because 
when i t  g e t s  above c r i t i c a l ,  i t  f lows .  
Ques t ion  (Mason Tomson, R ice  Univ.) :  T e r r y ,  what I ' m  t r y i n g  t o  
do i s  look  f o r  a n  e x p l a n a t i o n  f o r  the .  observed  p e r i o d i c i t y  i n  
t h e  P r e t z  f i e l d  pu r suan t  t o  your  e x p l a n a t i o n  o f  t h e  t iming .  
A n s w e r  (Te r ry  O s i f ,  IGT): The - P r e t z  form i s  comple t e ly  
d i f f e r e n t  t han  t h i s .  
Comment (Mason Tomson, Rice  Univ.):  I know. 
Comment (Te r ry  O s i f ,  IGT) : We'll t a l k  more about  t h i s  
tommorrow. 
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GLAD! 
AFTERNOON SESSION. MARCH 4 .  1986 - 1:30 - 5:OO PM 
McCALL RESERVOIR GEOLOGY REVIEW C. Groat, LSI 
Question (Hank Coffer, EG6rG): There's a pretty good chance of 
intersection of these various ends somewhere fairly close to 
the reservoir? 
Answer (C. Groat, LSU): Hank, just based on anything analagous 
in modern systems to produce that thick a sand, I think there's 
an excellent chance of their interconnecting. The shale 
sequences that appear in this are very apt to be at least 
semi-lenticular, in other words limited to the extent sand 
would be more apt to be connected laterally. 
Question (D. Riney, S-Cubed): What you have to understand. .. 
that they expect to have numerous faults... Is that possible? 
Answer (C. Groat, LSU): Very possible. The thicker sand 
sequences in the coastal environment depositional setting can 
be strike oriented. Essentially east-west stack barrier sands, 
that sort of thing. Most of the sand bodies that are dip-fed 
that are flutial tend to be thinner, more limited and do not 
extend very far east-west. In this system it looks more like a 
strike-fed system where you get more lateral extent than 
north-south extent. 
Question (D. Riney, S-Cubed) : Looking at the pressure 
temperature of the strike, I'm almost forced into this kind of 
a model (conceptual model) you described... 
Answer (C. Groat, LSU): Based on closely calculated analog, I 
think it makes a lot of sense. 
Question (Phil Randolph, IGT) : Please comment on the 
geological implications of the significance of the reservoir 
brine not being exactly saturated with methane. Isn't that 
sort of surprising because of the sand shale ratio? 
Answer (C. Groat, LSU): That's a question I'd just as soon not 
answer. It doesn't tell me anything, Phil, I'm sorry. 
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I. 
ENVIRONMENTAL MONITORING:  DOE V .  Van S i c k l e ,  LS1J 
GEOPRESSUR ED-GEOTHERMAL FIELD ACTIVITIES 
Ques t ion  (Bob Shopland, RCS Geo techn ica l ) :  What i s  t h e  p e r i o d  
o f  t h e  microseisms a s s o c i a t e d  w i t h  t h e  e v e n t s ?  
Answer (V. Van S i c k l e ,  LSU):  I have a p l o t  showing the 
d i f f e r e n c e  t h a t  I can show you a f t e r .  I ' d  be  g l a d  t o  ge t  i t  
f o r  you. I t ' s  j u s t  a p l o t  o f ,  you know, a r e c o r d  of  the 
t y p i c a l  n o i s e  a c t i v i t y  w e  saw v e r s u s  t h e  13 e a r t h q u a k e s  t ha t  w e  
r eco rded .  
Ques t ion  (Bob Shopland,  RCS): There were a t  l ea s t  l o ?  
Answer (V. Van S i c k l e ,  LSU): There were. It i s  r e a l l y  
confus ing  because  f i r s t  t h e  c o n t r a c t o r  w e  had though t  t h e y  were 
d e f i n i t e l y  e a r t h q u a k e s .  And o u r  s e i s m o l o g i s t  down on s t a f f  
r e a l l y  s p e n t  two y e a r s  l ook ing  a t  the d a t a  and h e  though t  t h e y  
were s t r i c t l y  r e l a t e d  t o  weather. 
Q u e s t i o n  (Bob Shopland,  KCS): A t  6 ,000 f e e t ,  w i t h  c a s i n g  i n  
t h e  w e l l s ,  d i d  i t  con tamina te  the fo rma t ion  o r  the s u r f a c e ?  
Answer ( V .  Van S i c k l e ,  LSU) : The s u r f a c e .  The ground water.  
The sha l low groundwater .  The whole purpose  o f  t h e  groundwater  
mon i to r ing  was t o  moni tor  t h e  q u a l i t y  o f  t h e  domest ic  and 
a g r i c u l t u r a l  water  t h a t  was used l o c a l l y .  We d i d n ' t  go any 
deepe r  than  people  were u s i n g  and r e l y i n g  o n  f o r  t h e i r  domest ic  
water  supp ly .  S o ,  w e  d o n ' t  know i f  something happened down 
deepe r  o r  n o t .  
Ques t ion  (Frank O 'Br ien ,  WKT): D o  you e x p e c t ,  based  on 
model ing,  t o  see any subs idence  i n  Gladys M c C a l l  as p r o d u c t i o n  
approaches  20 m i l l i o n  ba r r e l s?  
Answer ( V .  V a n  S i c k l e ,  LSU): I w o u l d n ' t .  I'd h a t e  t o  g u e s s  
b e f o r e  w e  g e t  t h e  dat ,a .  I f  w e  see i t  anywhere,  Gladys McCall 
should  be t h e  most i n t e r e s t i n g ' t o  look  a t .  
Quest ion (Bob McClusky, AMOCO): A r e  t h e r e  any  changes observed  
i n  o r g a n i c s  i n  t h e  water?  
Answer ( V .  Van S i c k l e ,  LSU): I'll r e f e r  t h a t  t o  Dru Trahan.  
A n s w e r  (Dru Trahan ,  LSU): There  have been no  appreciable  
a f f e c t s  on o r g a n i c  c o n t e n t s .  
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PLEASANT BAYOU REWORK T. Meahl, EOC 
Q u e s t i o n  (Dave Riney,  S-Cubed): What a r e  your p l ans  on ,+ 
r e p e r f o r a t i n g ?  
Answer (T. Meahl, EOC): My p l a n s  o n  r e p e r f o r a t i n g  a r e  t o  f i r s t  
b r i n g  t h e  w e l l  i n  and s e e  what we have.  Sometime next  f i s c a l  
y e a r ,  i f  i t  appea r s  n e c e s s a r y ,  w e ' l l  go ahead and r e p e r f .  We 
can do t h i s  a t  any t i m e .  
Ques t ion  (Frank O 'Br ien ,  WKT): Are you going  t o  f low t h e  well  
now? Are you going  t o  p u t  i n  t h e  tub ing  now? 
Answer (T.  Meahl, EOC): I ' m  go ing  t o  p u t  i n  t h e  tub ing  now and 
complete  t h e  w e l l ,  Frank,  when I g e t  a l l  t h e  j u n k  ou t  and g e t  
it c l eaned  up. This p ipe  has  been purchased .  
Quest ion (Dave Lombard, DOE-HQ): Is i t  on s i t e  y e t ,  Tom? 
Answer (T .  Meahl, EOC): No s i r .  I d o n ' t  want i t  down t h e r e  
y e t .  I t ' s  much b e t t e r  i n  Vam's warehouse h e r e  i n  Houston. 
Ques t ion  ( P h i l  Randolph, IGT): Tom, wha-t's your b e s t  judgement 
on where t h a t  s e a l  assembly came a p a r t  i n  r e l a t i o n  t o  t h e  top  
o f  t h e  packe r?  
A n s w e r  (T .  Meahl, E O C ) :  I t  was above t h e  top  of  t h e  packer .  I 
have 6-11 f e e t  above t h e  packer .  I go t  3 f e e t  of  i t  m i l l e d  o f f  
l a s t  n i g h t  and i n  a couple  o f  days w e ' l l  be r eady  t o  run 
something i n  t h e r e  and p u l l  i t  o u t .  T h a t ' s  where we s t and  
today .  
Ques t ion  (Hank C o f f e r ,  EGSrG): Tom, t h e  d i s p o s a l  w e l l ,  i s  i t  
c l e a n ?  
Answer (T. Meahl, EOC): Negat ive .  It has  t o  be c l eaned .  That 
i s  a s t r a n g e  b reed  t o o .  They had a f a i l u r e  i n  t h e  13-3 /8  and 
r a n  9-5/8 on i t  and  completed i n  t h e  13-3 /8  so i t s  n i c e  and 
easy  t o  g e t  t o  t o  c l e a n  up. 
ou f i n i s h  c l e a n i n g  o u t  
t h e  w e l l ,  a r e  you going  t o  r u n  t h e  Once 5-1 7 2 i n  so you have a f u l l  Ques t ion  (Frank O ' B r i e n ,  WKT): 
s i z e  w e l l  r eady  t o  produce a t  t h e  s u r f a c e ?  
A n s w e r  (T .  Meahl, EOC): That i s  c o r r e c t .  
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Question (Frank O'Brien, WKT): Are you then going to mud up or 
are you going to leave the well live? 
Answer (T. Meahl, EOC): I ' m  going to leave the well live at 
the surface. 
Question (Frank O'Brien, WKT): How much sand is in the 
inject ion we1 l?  
Answer (T. Meahl, EOC): At least 75 feet and I don't know, 
with all the scale they had, what condition the well is really 
in. 
Comment (Frank O'Rrien, WKT): Tom, I think it's fantastic what 
a good job you fellows did in getting that well fixed up as 
quickly and inexpensively as you've done. We certainly 
expected a lot more trouble, and you've obviously done a good 
job. Certainly one to be proud of. 
Answer (T. Meahl, EOC): Well thank you Frank. We've been 
lucky. 
EPRI EXPERIMENT STATUS Evan Hughes, EPRI 
Question (Charles Gilmore, DOE-ID): You mentioned earlier that 
you were working with Houston Power and Light, is that right? 
Answer (Evan Hughes, EPRI) : Right. 
Question (Charles Gilmore, DOE-ID): What have you negotiated 
as a cost of  electricity, sales price or anything yet? 
Answer (Evan Hughes, E P R I )  : No. Better than that. They have 
agreed t o  install the substation that will be required to 
connect to their grid. And,they will pay for that and then get 
repaid by free electricity until the value of that electricity 
equals what they've had to 'spend to install the substation. 
Question (Charles Gilmore, DOE-ID) : What are they valuing the 
electricity at? 
Answer (Evan Hughes, EPRI): A s  I 'indicated this morning, a 
couple of years ago it was at four cents a kilowatt hour and 
it's on its way down. I don't think it will be below two cents 
a kilowatt hour. I think if we can get 2-1/2 cents a kilowatt 
hour, it is the best we could expect. ' 
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Question (Frank O'Brien, WKT): Evan, is there any other work 
going on relative to this hybrid cycle? Is this the only one 
that could legally be called a hybrid or are there other E P R I  
efforts similar? 
Answer (Evan Hughes, E P R I ) :  No, this is the only E P R I  project 
of this sort. DOE is involved with a wood-burning geothermal 
power plant project in northern California which I'm not sure 
is going to go forward. There are some differences between 
that cycle and ours. The basic one being that that's a steam 
cycle rather than a binary cycle. 
Comment (Dave Riney, S-Cubed): Also, in the oil fields in 
California there are a number of coal generators, where they're 
burning heavy oil to make steam. 
Answer (Evan Hughes, E P R I )  : That's not the same sort of 
combined cycle. Our idea here is to investigate how you can 
improve both the combustion cycle and the geothermal cycle by 
putting them together, and in particular for these lower 
temperature heat sources such as the 300°F heat source we'll 
have here. We've done some studies to look at the benefits of 
this kind of cycle at different temperatures of  geothermal 
resources, and it looks like the benefit depends upon the 
temperature of the geothermal resource and on the heat rate on 
which you can do the combustion cycle. We've looked at about 
9 ,000 ,  11,000 and 14,000 BTU per kilowatt hour heat rates, and 
the advantage of the hybrid system over separate combustion 
plus separate geothermal is on the order of 20 percent at the 
middle part of that range. That's the additional work you can 
get. Studies in the past have suggested this would turn into 
about a 10 percent advantage in bus bar electric power. In 
addition to that possible cost and efficiency advantage, I 
think that for using some low temperature geothermal resources, 
the possibility of having this backup system, if you will, in a 
hybrid concept might be helpful in getting some new geothermal 
resources to be employed that would otherwise not be put into 
use. 
Quest ion (Dave Lombard, DOE-HQ) : If you're selling 
electricity, for say 2 to 2-1/2 cents a kilowatt hour, what 
would you anticipate the cost for generating it? Assuming that 
this is an experiment, but if you were to carry that forward, 
can you generate it for that? 
Question (Hank Coffer, EGLG) :  Assume the hot water is free, 
w h a t  would it cost you? 
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Answer (Evan Hughes, EPRI): L e t ' s  see,  paying  a $1 p e r  m i l l i o n  
BTU f o r  t h e  f u e l ,  I came o u t  w i t h  abou t  6 c e n t s  a k i l o w a t t  
hour .  
Comment (Char l e s  Gilmore,  DOE-ID) : You have t o  r e c o g n i z e  t h a t  
2 c e n t  e l e c t r i c i t y  means w e  d o n ' t  want e l e c t r i c i t y .  T h a t ' s  
what t h a t  means. Nobody can g e n e r a t e  2 c e n t  e l e c t r i c i t y  i n  t h e  
c o u n t r y .  That j u s t  means t h a t  w e  d o n ' t  want e l e c t r i c i t y .  We 
a re  o n l y  t a k i n g  i t  because  y o u ' r e  a f r i e n d  and w e  want t o  h e l p  
you o u t .  I f  anyone ' s  go ing  t o  t e l l  you,  " I ' l l  g i v e  you 2 c e n t s  
f o r  e l e c t r i c i t y ,  and t h a t ' s  a l l " ,  h e ' s  t e l l i n g  you I d o n ' t  
want t o  buy any e l e c t r i c i t y .  So what t h a t  s a y s  i s  t h i s  whole 
Uni ted  S t a t e s  r i g h t  now i s  i n  an e l e c t r i c i t y  s u r p l u s  n o t  an 
e l e c t r i c i t y  demand s i t u a t i o n .  And r i g h t  now a pe r son  would 
n o t  b e  v e r y  p r u d e n t ,  I d o n ' t  t h i n k ,  t o  go o u t  and g e n e r a t e  
e l e c t r i c i t y  and t r y  t o  s e l l  i t  a t  t h i s  p o i n t  i n  t i m e  u n l e s s  you 
a re  i n  a c e r t a i n  s i t u a t i o n  where i t  i s  i n  demand. And t h e r e  
are  v e r y  few p l a c e s  l i k e  t h a t  r i g h t  now i n  t h i s  c o u n t r y .  Rut 
i n  t h e  f u t u r e ,  i f  t h e  economy ever t u r n s  o v e r  and c e r t a i n  
t h i n g s  ever happen,  and w e  g e t  i n  a demand s i t u a t i o n  a g a i n ,  
t hen  t h a t ' s  what we're look ing  a t  f o r  t h i s  t y p e  o f  s i t u a t i o n .  
Comment (Dave Lombard DOE-HC): No, I unde r s t and  t h a t .  I was 
j u s t  k ind  o f  c u r i o u s  as t o  what i t  r e a l l y  would c o s t .  
Comment (Char l e s  Gilmore,  DOE-ID): Nobody's go ing  t o  g e n e r a t e  
e l e c t r i c i t y  o f f  o f  geothermal  f o r  2 c e n t s .  
Comment (Evan Hughes, EPRI) : I t h i n k  w i t h  a f r e e  h e a t  s o u r c e ,  
my number would probably  come o u t  about  4 c e n t s .  
Q u e s t i o n ( ? ) :  I guess  when you s a y  you 've  done your  s t u d i e s ,  i s  
i t  a l o t  l i k e  e a r l y  s t u d i e s  t h a t  w e r e  done say w i t h  enhanced 
o i l  r ecove ry?  I f  t h e  p r i c e  of  o i l  goes t o  $10 w e  can  a f f o r d  t o  
p u t  t h i s  p r o c e s s  i n ,  o r  i f  e v e r y t h i n g  comes a l o n g  w i t h  i t  such  
t h a t  a t  $10 w e  s t i l l  c a n ' t  do i t  f o r  $20 o r  a t  $20 w e  s t i l l  
c a n ' t .  I n  o t h e r  words,  your  c o s t  o f  f u e l  w i l l  go up.  So how 
do you develop  t h e  rea l  d i f f e r e n t i a l  which s a y s  what t h e  
p r o c e s s  c o s t s .  
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Comment (Evan Hughes, EPRI): What we've done is simply an 
evaluation of the efficiencies that I mentioned. Certain heat 
rate for the conversion for the combustion cycle. Look at how 
many watt hours you can produce in the pound of geothermal 
fluid at the temperature involved, then compare them separately 
with the hybrid. That's where I get about 20 percent 
improvement. What that turns to in dollars depends upon your 
price of fuel. That's what that heat rate means in cost. 
Question (Hank Coffer, EGSrG) to Jack Ramsthaler: Jack, haven't 
your people done some calculations on this? 
Answer (Jack Ramsthaler, EG&G Idaho): Well, I think that is 
the answer. You can have a lot of alternate energy sources, 
and whatever the true price of finding oil is, it starts to get 
more difficult than it is now no matter how OPEC runs it. This 
is one of the first things that is going to be coming down. It 
looks  better than synthetic fuels. 
Question (Hank Coffer, EGGrG): 
already there? 
You've assumed that the well was 
Answer (Jack Ramsthaler, EGSrG): Yes, assuming the well is 
already there. 
Comment (Hank Coffer, EG&G): In other words, somebody drilled 
a wildcat and didn't hit, but they hit a geothermal pocket, 
then it becomes a dollar intensity thing. 
Comment (Charles Gilmore, DOE-ID): We can tell you what the 
capital cost to produce electricity is once we get through with 
these projects, but what the revenues are going to be is 
strictly market. 
Answer (Jack Ramsthaler, EG&G Idaho): Gladys McCall was 
almost, well it was paying for itself for a while until the 
price of gas kept going down until it was no longer economic. 
Comment (Dave Lombard, DOE-HQ:): You're making a commercial 
statement that isn't true. The cash flow from the gas flow at 
Gladys McCall was paying some of the experimental operational 
costs. It did not include paying off the millions of dollars 
for the drilling costs. 
Comment (Hank Coffer, EGSrG): He meant given the well was free. 
-16- 
Comment (Dave Lombard, DOE-HQ) : Well, you g i v e  me a n e ,  I ' l l  
t a k e  i t .  
ANALYSIS OF LIGHT HYDROCARBONS FROM Dean Keeley, IJSL 
DOE WELLS 
Ques t ion  ( T e r r y  O s i f ,  T G T ) :  What was Z e r e l l a ?  
A n s w e r  (Dean Keeley, IJSI,): Zere l la  was w i t l i  Gulf  R L D .  G u l  E 
O i l  had producing f i e l d s  i n  v a r i o u s  p l a c e s  i n  the  West and i n  
Canada. They have d r i l l e d  o t h e r  wel ls  ( r e l a t i v e l y  sha l low 
w e l l s - - s o  i t ' s  n o t  tha t  expens ive)  i n  o r d e r  t o  prove t h e i r  
f i e l d .  JJe had t a k e n  d r i l l  stem tes t s  and had t h e m  ana lyzed  f o r  
var ious  m a t e r i a l s ,  one  o f  which w a s  benzene p r i m a r i l y .  H e  had 
d i s c o v e r e d  t h a t  t h e  c o n c e n t r a t i o n  o f  benzene v a r i e d  w i t h  
r e s p e c t  t o  the d i s t a n c e  from a producing f i e l d ,  and he had d a t a  
p o i n t s  up t o  a nunber o f  mi l e s .  N o t  s h o r t  d i s t a n c e s .  
Ques t ion  (Dean Keeley,  USL) d i r e c t e d  t o  T e r r y  O s i f :  What e l s e  
abou t  i t  T e r r y ?  
Answer ( T e r r y  O s i f ,  I G T ) :  He found tha t  there  was v a r i a b i l i t y  
i n  t he  amount oE benzene among c e r t a i n  f i e l d s .  Rut ,  i n  a 
p a r t i c u l a r  f i e l d ,  the nearer you were t o  gas  the  l e s s  benzene 
w a s  found i n  t h e  o i l  b r i n e s .  
Ques t ion  (Dean Keeley,  USL) d i r e c t e d  t o  T e r r y  O s i f :  Vha t 
t e m p e r a t u r e s  were t h e i r  f i e l d s ?  
Answer ( T e r r y  O s i f ,  I G T ) :  They were n o t  geopres su red  f i e l d s ,  
t h e y  were c o n v e n t i o n a l  o i l  f i e l d s .  
Ques t ion  ( D e a n  K e e l e y ,  USL) d i r e c t e d  t o  T e r r y  O s i f :  A r e  t h e y  
f i e l d s  t h a t  cou ld  have been d e e p e r  and  have now come up s o  t h a t  
t h e  chemical composi t ion i s  f r o z e n  i n  t i m e ?  
Answer ( T e r r y  O s i f ,  I G T ) :  H e  found benzene i n  t he  b r i n e s  t h a t  
were i n  t he  o i l  p roducing  r e se rvo i r s  b u t  n o t  i n  those t h a t  the 
r e se rvo i r  o n l y  produced gas. 
Comment (Dean Keeley,  USL): Y e s ,  t he re  w a s  no benzene i n  the 
b r i n e s  from ,gas producing r e se rvo i r s .  H e  d i d  n o t  l o o k  a t  any 
i n  t he  Gulf Coast r e g i o n  and t h e y  w e r e  a l l  much shallower,  were 
t h e y  n o t ,  s e v e r a l  thousand f e e t .  
Answer '(Terry Os i f  , IGT)  : Yes. 
I -  
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ANALYSIS OF HEAVY HYDROCARBONS FROM Dean Keeley,  USL 
DOE WELLS p resen ted  f o r  0. Weres 
who could  not  make i t .  
Ques t ion  (Mason Tomson, R i c e  Univ . ) :  A r e  t h e r e  any small pore  
s t r u c t u r e s  i n  the format ion  o f  t h e  f i e l d s ?  Are t h e r e  f i n e  
b o t t l e n e c k  po res?  
Answer (Dean Keeley, USL): Y o u ' l l  have t o  a s k  t h e  people  who 
have inade t h e  o b s e r v a t i o n s  on t h e  po res  around h e r e .  
Quest ion (Mason Tomson, Kice Univ.) :  T h a t ' s  t h e  argument,  a r e  
t h e r e  g a s  f i l l e d  b o t t l e n e c k ' p o r e s ?  
Answer (Dean Keeley,  USL): Yes, you mean i f  t h e r e ' s  a small ,  
small space i n  t h e r e ,  i t  may be  g a s  occupied and you g e t  a 
p a r t i t i o n .  Then as  you drop  the  p r e s s u r e ,  t h e y  expand and 
e v e n t u a l l y  move. That 's  p e r f e c t l y  v a l i d  t h i n k i n g .  There h a s  
t o  be  something r e s p o n s i b l e  f o r  t h e  k ind  o f  v a r i a t i o n  t h a t  
we're obse rv ing  and we're j u s t  dy ing  t o  know what i t  i s .  I f  
anybody has any ingen ious  i d e a s ,  p l e a s e  l e t  us know. 
Ques t ion  (Mason Tomson, R i c e  Univ . ) :  H a s  anyone looked a t  p o r e  
s t r u c t u r e  i n  d e t a i l  on i n t e r g r a n u l a r  s t r u c t u r e  of  t h e s e  
format ions?  
V e r i f i c a t i o n  (Dean Keeley,  USL): E l e c t r o n  microscopy o r  
something of t h a t  n a t u r e ?  
Comment (Mason Tomson, R i c e  Univ.) :  N o ,  I sugges t  someone have 
a look  a t  i t .  
Ques t ion  (Dean Keeley,  USL): N o ,  I have no i d e a .  Who d i d  i t ?  
T e r r a t e c h ?  They ' r e  n o t  h e r e .  
Comment ( P h i l  Randolph, I G T ) :  To p a r t l y  answer your  q u e s t i o n  
Mason, t h e  work done i n  v a r i o u s  l a b s  c o n s i s t e n t  w i t h  t h i s  
g e n e r a l  model t h a t  t h e  i n d u s t r y  i s  f a m i l i a r  w i t h  i s  sand w i t h  
p e r m e a b i l i t y  up i n  the range  o f  10 t o  100 m i l l i d a r c i e s .  Then 
you tend  t o  have r e l a t i v e l y  rounded g r a i n s  cemented t o g e t h e r  
w i t h  i n t e r g r a n u l a r  space  and rough ly  h a l f  a dozen f low p a t h s  
between g r a i n s .  I n  t h e  case o f  t h e  Gladys McCall s and ,  i t  
d o e s n ' t  look  l i k e  pr imary  p o r o s i t y - - i t ' s  no t  secondary  p o r o s i t y  
l i k e  ove r  a t  P l e a s a n t  Bayou where t h e y ' v e  been d i s s o l v e d  o u t .  
Bunch of  b a l l s  w i t h  a l i t t l e  epoxy on i t  and they  f a c e  between 
the b a l l s  and h a l f  a dozen channe l s  connec t ing  t o  g e t  
r e l a t i v e l y  conven t iona l  pr imary  p o r o s i t y .  
Comment (Don C l a r k ,  Consu l t ing  Petroleum Eng inee r ) :  Most of  
these sands ,  AS I ' v e  looked a t  geopressured  i n  t h i s  a r e a ,  have 
h i  h p e r m e a b i l i t y .  There i s  normally ve ry  l i t t l e  cementa t ion ,  
i t  s a l l  compact ion,  and you see where each  sand i s  indented  i n  
the next  sand g r a i n .  
F 
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Comment ( P h i l  Randolph, IGT): Quartz  t o  q u a r t z  cementing.  
Comment (Don Clark  Consu l t .  P e t r .  Engr . ) :  We d o n ' t  f i n d  a n y  
cementa t ion  i n  i t  a t  a l l  under  t h e  microscope.  
Comment (Dean Keeley ,  USL): The h i g h  p e r m e a b i l i t y  i s  what 
b o t h e r s  u s .  
Comment (Don C l a r k ,  Consul t .  P e t r .  Engr . ) :  The ones  w i t h  po res  
showed t h e  h i g h e s t  p e r m e a b i l i t y .  A t  P l e a s a n t  Bayou, w e  p icked  
t h e  one t h a t  had h i g h  p e r m e a b i l i t y .  A t  Sweet Lake, w e  p i cked  
t h e  sand t h a t  had t h e  h i g h  p e r m e a b i l i t y .  A t  Gladys Mccal l  t h e  
same. 
Comment (Dean Keeley,  USL): We're convinced o f  t h i s ,  whatever  
we're look ing  a t  i s  a fundamental  p r o c e s s  t h a t  i s  o c c u r r i n g  a l l  
a l o n g  t h e  Gulf Coas t .  I t ' s  n o t  a n y t h i n g  t h a t  i s  unique  t o  one 
fo rma t ion .  It i s  a s t a n d a r d  p r o c e s s  because  t h e  materials you 
g e t  a r e  a l l  t h e  same. 
Comment (Don C l a r k ,  Consu l t .  P e t r .  Engr . ) :  We know one t h i n g ,  
though,  t h a t  a l l  t h e  sands  w e  a r e  l o o k i n g  a t  f o r  geopres su red  
a r e  u s u a l l y  a s s o c i a t e d  w i t h  t h i c k  s h a l e  beds .  
Comment (Dean Keeley,  USL): The t h i n g  t h a t  t h e y  have i n  common 
i s  t h a t  t h e r m a l l y  t h e y  a re  not  t h a t  f a r  a p a r t .  They are  a l l  i n  
t h a t  p o r t i o n  o f  t h e  o v e r a l l  geochemical  p r o c e s s  t h a t  w e  
r e f e r r e d  t o  as t h e  l a s t  q u a r t e r  o f  t h e  c a t o g e n e s i s  s t a t e  b e f o r e  
you s t a r t  going  i n t o  metogenes is .  They a l l  have t h a t  i n  
common. 
Comment (Don C l a r k ,  Consu l t .  P e t r .  Engr . ) :  There i s  one t h i n g  
when t h e y ' r e  c o o l i n g  i n  t h e  Gulf Coast a r e a ,  when t h e y  a re  i n  
t h e  s h e l f  a r e a ,  a l o t  o f  s h a l e s  and sand .  A l o t  o f  t h e  t i m e  w e  
d o  f i n d  t h a t  t h e  shales a r e  b l ack ,  a n d  they have oil i n  them. 
Comment (Dean Keeley,  USL): The p r o c e s s  i s  p robab ly  s t i l l  
go ing  on .  I mean i t ' s  a d o u b t f u l  p r o c e s s .  I f  t h e  geochemis t ry  
o f  t h e  p r o c e s s . i s  unders tood , '  t h e  p r o c e s s  i s  s t i l l  go ing  on.  
GLADYS McCALL RESERVOIR ANALYSIS D .  Riney,  S-Cubed 
Quest ion (D. Lombard, DOE-HQ):" Dave, i f  I can read  your  g raph  
from h e r e ,  i t  looks  l i k e  as you s a i d  t h i s  morning, w e  produced 
l i k e  16  m i l l i o n  b a r r e l s  o u t , o f  t h e r e .  
Comment ( D .  Riney,  S-Cubed): I h a v e n ' t  updated  i t ,  b u t  I t h i n k  
i t ' s  p r e t t y  good. ' 
Quest ion  (Hank C o f f e r ,  EGStG): So how b i g  i s  t h e  r e s e r v o i r ?  
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Answer (D. Riney, S-Cubed): I d o n ' t  know how b i g  i t  i s .  I f  
you guys r e a l i z e ,  r e s e r v o i r  l i m i t  t e s t s  have t h e i r  l i m i t s .  We 
g e t  the f i r s t  e s t i m a t i o n s  h e r e ,  b u t  anyway, based on t h a t  
model; i t  p r e d i c t s  a r e s e r v o i r  o f  2 - 1 / 2  t o  3 b i l l i o n  b a r r e l s .  
It  h a s n ' t  changed i n  a long  t i m e .  I ' v e  used t h e  same model a s  
f a r  as t h e  f i r s t  500 meters n e a r  t h e  w e l l  bo re  o r  more than  
t h a t .  I haven'l t  changed t h a t  s i n c e  t h e  f i r s t  b u l l d u p s .  
Quest ion (Hank C o f f e r ,  EGGtG): Which cu rve  a r e  you p r e d i c t i n g  
on now f o r  p roduc t ion?  
A n s w e r  ( D .  Riney, S-Cubed): A l l  t h r e e  o f  them. They ' r e  a t  a l l  
d i f f e r e n t  p l a c e s .  I f  you measure t h e  bottom h o l e  p r e s s u r e ,  
i t ' s  t h e  middle curve .  Read t o  t h e  l e f t .  What y o u ' r e  
i n t e r e s t e d  i n  i s  t h e  wel lhead p r e s s u r e  and t h a t ' s  t h e  bottom 
c u r v e .  
Q u e s t i o n  (Don C l a r k ,  Consu l t .  P e t r .  Engr . ) :  Why d o n ' t  you p u t  
t o d a y ' s  d a t a  on t h e r e ?  
Quest ion ( D .  Riney,  S-Cubed): What do you mean? 
Comment (Don C l a r k ,  Consul t .  P e t r .  Engr . ) :  Tom Meahl k n o w s  
what the  p r e s s u r e s  and f low r A t e s  a r e .  
Comment ( D .  Riney,  S-Cubed): What i s  i t  today ,  Tom? Around 
30? Around 10,000 p s i  as f a r  as  I can read  on t h i s  t h i n g  and 
t h e n  1 5  m i l l i o n  t o t a l  p roduc t ion .  The t h i n g  you have t o  
remember i s  t h a t  we're g e t t i n g  down t o  t h e  p o i n t  where t h i s  
cu rve  i s  s t a r t i n g  t o  l e v e l  o u t .  So  w e ' r e  s a y i n g  ove r  a pe r iod  
of a l o t  o f  p r o d u c t i o n ,  the  pressure d rop  i s  n o t  v e r y  many 
p s i .  I d o n ' t  know, 50-100 p s i  so  t h a t ' s  a l o t  o f  b a r r e l s  of  
p roduc t ion .  
Discuss ion  on t h e  graph .  
Quest ion (Don C l a r k ,  Consul t .  P e t r .  Engr . ) :  A r e  you u s i n g  
f lowing  p r e s s u r e ?  
Answer ( D .  R iney ,  S-Cubed): I'm u s i n g  f lowing p r e s s u r e  a l l  t h e  
way, b u t  I look  back a t  my d a t a  and my c a l c u l a t i o n s  and t h e  
d i f f e r e n c e s  between wel lhead p r e s s u r e  and bottom h o l e  p r e s s u r e  
were up t o  650 p s i .  I looked a t  a l l  t h a t  h i s t o r y  and looked a t  
t h e  d i f f e r e n c e  between t h e  f lowing  p r e s s u r e  and t h e  bottom h o l e  
p r e s s u r e ,  and i t ' s  around 650 a l l  t h e  t i m e  so  I j u s t  u s e  650. 
Quest ion (Don C la rk ,  Consul t .  P e t r .  Engr . ) :  What I ' m  s a y i n g ,  I 
t h i n k  you are a c t u a l l y  b e t t e r  w i t h  f lowing  p r e s s u r e  on the 
s u r f a c e  than t h e y  a re  on the P l e a s a n t  Bayou. We show t h a t  
a f t e r  20 days o f  b u i l d u p  t i m e ,  t h e  s u r f a c e  p r e s s u r e  was drawing 
down l i k e  30 p s i  p e r  c y c l e  wh i l e  t h e  bottom h o l e  p r e s s u r e  was 
going  up 55 p s i  p e r  c y c l e .  
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Comment (D. Riney, S-Cubed): That's the reason I showed this. 
I know exactly what you are saying. Here I've shown the change 
in pressure at the well bore, and it is true that if you wait 
10 or 15 minutes before you make that measurement, you can see 
it's no longer a constant value but changes very rapidly. And 
if you got out 20 hours, you aren't measuring bottom hole 
pressure at all. 
Comment (Don Clark, Consult. Petr. Engr.): You also said, I 
believe, that your last effort was around 290 bottom hole 
temperature or less. 
Comment (D. Riney, S-Cubed): I don't remember the number, it 
gets higher each time. 
Question (Don Clark, Consult. Petr. Engr.): You have a much 
higher temperature close to the bottom hole now, and are going 
to have all the corrections that you would have? 
Answer (D. Riney, S-Cubed): That's right. In fact, I estimate 
that we saw 30 psi here. I think there is as much as 75 psi 
difference between the surface pressures during shut in. 
Comment (Phil Randolph, IGT): We noticed that temperature rise 
in the field while work was being done. The man on the truck 
operating the equipment was the same guy who had been there the 
previous time. (Let's go back of the room and talk about 
calibration.) The temperature you're reporting at Sand 8 is 
the same temperature that used to be at Sand 9 two years ago. 
Would i t  be valid f o r  m e  t o  draw f r o m  your  t empera tu re  d a t a  the 
conclusion that the packer is gone and that we've got to go set 
a new packer because we are not testing what we think we are 
testing? 
Comment (D. Riney, S-Cubed): That's not what I asked about. 
Terry Gardner said that. If you just look at the data, looked 
at the temperature, I think you ,could convince yourself that 
under steady-state conditions, the temperature is a little 
higher. Not a hell of  a lot. But it's several degrees. I 
don't know where it's coming from but it makes one feel like 
that the reservoir is not only flowing from above, but below, 
where it is hotter. 
- 2 1  - 
Quest ion  (Don C l a r k ,  Consu l t .  P e t r .  Engr . ) :  A r e  you s u r e  
y o u ' r e  a lways going  t o  t h e  same d e p t h ?  
Comment (D. Riney,  S-Cubed): Well, o n l y  t h a t  t h e  peop le  who 
r e p o r t  i t ,  and t h e  f a c t  i s  t h a t  t h e  measurements are  very  
c o n s i s t e n t .  
Comment (Dave Lombard, DOE-HQ): Over t h e  y e a r s  I ' v e  seen 
numbers of  r e s e r v o i r  e n g i n e e r i n g  a n a l y s e s  o f  what i t  a l l  meant 
i n  terms o f  l ook ing  a t  t h e  d a t a  t h a t  we've had a v a i l a b l e  from 
o u r  w e l l  t e s t ,  and I w a n t  t o  c o n g r a t u l a t e  you. Th i s  i s  t h e  
f i r s t  t i m e  I ' v e  e v e r  s een  anyone make a p r e d i c t i o n .  Thank you 
v e r y  much. You took a s t e p  i n  t h e  r i g h t  d i r e c t i o n .  
PLEASANT BAYOU GEOLOGY REVIEW M .  L i g h t ,  REG 
No q u e s t i o n s  on t h i s  p r e s e n t a t i o n .  
SURFACE WATER QUALITY AT DOE Walt Kocher f o r  E .  S a l e h ,  
GEOPRESSURED WELLS Southern  Lou i s i ana  Univ. 
Ques t ion  (Mason Tomson, Rice  {Jniv.):  There was no i r o n  d a t a ?  
Answer (Walt Kocher, SLU): I ' m  a t  a l i t t l e  b i t  o f  a 
d i s a d v a n t a g e  h e r e .  I ' m  s t i l l  i n  my r o o k i e  season  h e r e  on t h e  
p r o j e c t ,  and t h e s e  k ind  o f  d e c i s i o n s  were made b e f o r e  I j o i n e d  
on.  It might be something w e  would c o n s i d e r  i n  t h e  f u t u r e .  
Ques t ion  (Mason Tomson, R i c e  Un iv . ) :  Where was t h i s  sample 
w e l l  w i t h  t h e  h i g h  l e a d  c o n c e n t r a t i o n ,  a t  P l e a s a n t  Bayou s i t e ?  
Comment (Hank C o f f e r ,  EGSrG): I s u g g e s t  he  g e t  w i t h  you o v e r  a 
g l a s s  of wine and g i v e  i t  t o  him. 
DAY 2 ,  MORNING SESSION, MARCH 4 ,  1986, 8 : 3 0  - NOON 
LOG ANALYSIS I N  GEOPRESSURED WELLS M .  Dorfman. UTA 
Comment ( M .  Dorfman, UTA): This program w i l l  b e  a v a i l a b l e  f o r  
anyone. 
Ques t ion  (Hank C o f f e r ,  EGSLG): How do w e  g e t  i t ?  
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Answer (M. Dorfman, UTA): I'm going to try and get it on 
ORPHAN NET. We are tied in with ORPHAN NET through o u r  main 
computing system, and people can access directly with tapes or 
bring the logs in, and we can digitize them. Or, put it on 
tape and run analyses and, of course, we can do this for ei-ther 
DOE or G R I  very, very easily. 
Question (Dave Lombard, DOE-HQ): How would someone in industry 
get a hold of this capability? 
Answer (M. Dorfman, UTA): Well, we are going to put a paper 
out on it very shortly and make it known to industry. I think 
they will find this program extremely useful. Many of us have 
gotten it. It is no secret. Many of us have some computer 
logs that have been put out as a service by the various logging 
companies, and we find that in many cases resistivity of water 
varies over several feet of the sections. In some cases, we 
find that formation factor values for carbonates or sandstones 
may be used interchangeably or may be wrong, and the result is 
that it gives someone inaccurate data. 
SALINITY OF WATERS M. Dorfman, UTA 
Question (Frank O'Brien, WKT): What is the impact of  the DOE 
funding problem going to be on the operations? 
Answer (M. Dorfman, UTA): Everything is going down about 30 
percent. 
ROCK COMPACTION Eric Fahrenthold , lJTA 
Question (Frank O'Brien, WKT): Are you looking at real 
reservoir core rocks from the various design wells? Are they 
all behaving similarly in terms of  these non-linear properties 
or are the individual sandstones behaving completely different? 
Answer (Eric Fahrenthold, UTA): We are looking at cores from 
the Hitchcock well right now which GRT funded. So these are 
actual sandstone and shale samples from this well. The tests 
that were done last year and previous to that were also from 
core samples. We have noticed there is a qualitative 
similarity between the Pleasant Bayou sandstone and the 
Hitchcock sandstone. We have noticed some qualitative 
differences between the shale behavior and the sandstone 
behavior although the modeling work we have done is capable of 
incorporating that strength softening behavior on the part of  
the shale as well as the strength hardening properties of the 
sandstone. Let's see, what was your last question? 
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Question (Frank O'Brien, WKT): Basically, are all the design 
wells, I don't know whether you've looked at more than Pleasant 
Bayou, are they all similar properties? 
Answer (Eric Fahrenthold, UTA): Yes, we've looked at Pleasant 
Bayou, Sweet Lake and Hitchcock. Their qualitative behavior is 
similar. Their numeral property measurements vary 
significantly between wells and we have noted, and Terratech 
has noted, very significant variations between samples from the 
same we 1 I. So there is significant data spread, but 
qualitatively the behavior is very similar. I think the 
interpretation that we made of the Pleasant Bayou data is 
definitely going t o  be applicable to this work. 
Comment (Phil Randolph, IGT): I'd like to comment on your 
impression. My impression on rock mechanics failures are 
putting pressure on a core laying on a bench at one atmosphere 
to something perhaps in excess of reservoir conditions. A more 
practicable modeling effort would be heavy emphasis placed on 
that range of stresses that could conceivably occur during the 
production of that particular reservoir. You should set up 
initial reservoir conditions and go through the stress swing 
you'd run into in a reservoir, just that little swing rather 
than whole range that you never have. 
Answer (Eric Fahrenthold, UTA): Yes, we have conducted the 
widest possible sweep of tests in terms of pressure conditions 
to try to look at the material behavior under all conditions. 
Questions like restoration of the sample in situ conditions 
would require looking at the material behavior over pressure 
ranges of immediate interest in reservoir production 
environment. I think that's a valid criticism. We should 
probably make more of an effort in interpretation and modeling 
and less in the future in testing and the appropriate reduction 
in our testing effort would be as you suggested. 
Comment (D. Riney, S-Cubed): I'd really like to emphasize that 
too. I think that the whole structure of the program would be 
to simplify rather than to try out all the possible 
concentrations that you could find. You don't want to look for 
extra complications, you really want to look for 
simplifications. I really would urge that for the rest of the 
tests you try to see if any generic simplification can be made. 
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Answer ( E r i c  Fahren tho ld ,  UTA): I a g r e e .  I t h i n k  from a n  
academic i n t e r e s t  you would want t o  look  a t  t h e  w i d e s t  p o s s i b l e  
r a n g e ,  b u t  I t h i n k  i f  you look  a t  o u r  December p r o g r e s s ,  i t  i s  
a major s t e p  i n  s i m p l i f y i n g  t h i s  tremendous volume of  d a t a  and 
t h a t  i t  d o e s n ' t  answer e v e r y t h i n g ,  b u t  i t  r educes  t h e  
d e s c r i p t i o n  o f  t h e  mater ia l  b e h a v i o r  t o  a s m a l l  number of 
material c o e f f i c i e n t s  and some n o n - l i n e a r  s t r e s s / s t r a i n  
r e l a t i o n s  which a d d r e s s  i n  par t  t h a t  q u e s t i o n .  
Ques t ion  (Jim F a i r c h i l d ,  DFSrA): On a l l  your  t e s t s  you show a 
h y s t e r e s i s  where you 've  loaded ,  un loaded ,  l oaded ,  and unload .  
Are t h e y  r e p e a t a b l e ,  o r  i s  t h e r e  a scann ing  r o u t e  t h a t  you 've  
A n s w e r  ( E r i c  F a h r e n t h o l d ,  UTA) : We have done c y c l i c a l  t e s t s .  
What h a s  o c c u r r e d  i s  t h e  m a t e r i a l  even i f  w e  loaded  o n l y  a 
small amount t hen  un load ,  w e  see h y s t e r e s i s  and even i f  w e  
loaded o n l y  a small  amount and unload w e  s e e  a small  amount oE 
r e s i d u a l  s t r a i n  t h e r e .  So,  what we ge t  i s  a series o f  
h y s t e r e s i s  l oops  i f  w e  l o a d ,  un load ,  l o a d ,  un load .  There a re  
two t h i n g s ,  two p r o p e r t i e s  o r  two o b s e r v a t i o n s ,  which have 
he lped  us  i n  t h e  modeling in t h i s  b e h a v i o r  t ha t  i s  go ing  on 
r i g h t  now. One o f  them i s  t h a t  t h e  mater ia l ,  a l t h o u g h  t h e r e  i s  
h y s t e r e s i s  upon each  u n l o a d i n g / r e l o a d i n g  c y c l e ,  i t  r e t u r n s  t h a t  
t h e  l o a d i n g  cu rve  r e t u r n s  t o  t h i s  k ind  o f  o r i g i n a l  r e l o a d i n g .  
I n  o t h e r  words,  i f  w e  load  and unload t h i s  mater ia l ,  w e  l oad  i t  
a s m a l l  amount t h e n  un load ,  y o u ' l l  see a h y s t e r e s i s  b u t  when w e  
r e l o a d ,  i t  w i l l  r e t u r n  back t o  t h i s  cu rve .  Of c o u r s e  w e  c a n ' t  
s a y ,  s i n c e  i t s  a r e loaded  sample o n t o  a separate h i s t o r y ,  w e  
c a n ' t  s a y  d e f i n i t i v e l y  t h a t  t h a t  was t h e  same r e l o a d i n g  c u r v e ,  
b u t  i t  i s  c e r t a i n l y  a r e l i a b l e  assumption based  upon t h e  
s i m i l a r i t y  of  t h e  cu rve  t h a t  a p p e a r s  under  l o a d i n g  and 
r e l o a d i n g  t o  t h i s  k ind  o f  one c y c l e  t e s t .  And a l s o ,  i f  I coiild 
mention one more, t h i s  un loading  c u r v e  i s  d e s c r i b e d  by a 
r e l a t i o n  which g i v e s  t h e  s t ress  as  a q u a d r a t i c  f u n c t i o n  o f  t h e  
s t r a i n .  Now t h a t  i s  ve ry  i m p o r t a n t  i n  terms of  d a t a  r e d u c t i o n ,  
a n d  a l s o ,  i t  i s  c o n s i s t e n t  w i t h  n o n - l i n e a r  e l a s t i c i t y  t h e o r y .  
Of c o u r s e ,  t h i s  un loading  should  be t h e  r e l a x a t i o n  o f  a sample 
as i t s  i n h e r e n t  e l a s t i c  p r o p e r t i e s .  So i f  w e  unload and r e l o a d  
s e v e r a l  c y c l e s ,  w e  g e t  a s i m p l e  shape  t o  t h i s  c u r v e .  We a r e  
s t i l l  doing  t h e  a n a l y s e s ,  b u t  I t h i n k  we w i l l  be a b l e  t o  
e x t r a c t  from a s i n g l e  cyc le  l i k e  t h i s  e l e c t r i c  p r o p e r t i e s  which 
would c o n s i s t e n t l y  d e s c r i b e  t h e s e  numerous un load ing  c y c l e s .  
That means t h a t  w e  a re  going  t o  need fewer m a t e r i a l  p r o p e r t i e s  
t o  d e s c r i b e  t h a t  c y c l i c a l  l o a d i n g  b e h a v i o r .  
Q u e s t i o n  (Jim F a i r c h i l d ,  ' D F & A ) :  P u t  your  f i n g e r  down on the 
unloading  cu rve  down a t  z e r o  s t r e s s .  Now s t a r t  l o a d i n g .  Where 
a r e  you going  t o  go? 
g o t ?  
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Answer  ( E r i c  Fahren tho ld ,  UTA): I t ' s  going  t o  go up l i k e  
t h i s .  W e  are going  t o  g e t  a h y s t e r e s i s  loop i n  t h a t  i t ' s  n o t  
go ing  t o  load  d i r e c t l y  up t h i s  l i n e .  I t  l o a d s  w i t h  a shape  
s i m i l a r  t o  t h i s  cu rve .  Concave downwards. It  does r e t u r n  t o  
t h i s  l i n e ,  however, n o t  l i n e a r l y  b u t  w i t h  a concave downward 
shape  a n d  i f  you r e p e a t  t h e  c y c l e s ,  i t  would c o n t i n u a l l y  go t o  
t h i s  cu rve .  
Ques t ion  (Jim F a i r c h i l d ,  DFLA): So w i t h  your  un load ing  cu rve  
t h a t  you have t h e r e ,  i s  i t  go ing  t o  keep s h i f t i n g ?  
Answer ( E r i c  Fahren tho ld ,  UTA): Yes, d e f i n i t e l y .  
Ques t ion  (Jim F a i r c h i l d ,  DF&A): I w a n t  t o  go back up on t h e  
cu rve  t h a t  you have t h e r e .  I n  o t h e r  words,  i f  you were t o  
t r ace  from z e r o  and go up t h e  l o a d i n g  cu rve  then  come back 
down, y o u ' r e  going t o  be t o  t he  r i g h t .  How far w i l l  t h a t  go? 
Answer ( E r i c  F a r e n t h o l d ,  UTA): I ' d  s a y  rough ly ,  ove r  t h e  
r anges  t h a t  we've t e s t e d ,  t h i s  i nc remen ta l  p l a s t i c  s t r a i n  we 
g e t  w i t h  each  c y c l e  i s  approx ima te ly  l i n e a r  w i t h  t h e  
i n c r e m e n t a l  s t ress .  That i s  i f  w e  load  up ,  l e t ' s  s a y  500 p s i  
and un load ,  w e  g e t  a c e r t a i n  amount o f  p l a s t i c  s t r a i n .  Now w e  
l oad  up t o  1,000, t h a t  i s  a n  a d d i t i o n a l  500, we g e t  a n  
a d d i t i o n a l  p l a s t i c  s t r a i n ,  and t h a t  change i n  t h e  p l a s t i c  
s t r a i n  w i t h  e a c h  c y c l e  f o r  e q u a l  i n c r e m e n t a l  s t ress  changes i s  
approx ima te ly  l i n e a r .  Now u l t i m a t e l y ,  w e  know t h a t  t h i s  cu rve  
i s  go ing  t o  f l a t t e n  o u t ,  b u t  i t  a g a i n  g e t s  i n t o  t h e  q u e s t i o n  
what s t ress  range  do you w a n t  t o  l oad  t h i s  mater ia l?  For a 
b r i t t l e  mater ia l ,  t h e  r o c k s  w e  have t e s t e d  show t h a t  what 
happens when w e  l oad  f u r t h e r ,  we'd g e t  a peak i n  t h i s  cu rve  and 
a downturn and t h e n  f r a c t u r e .  And f o r  a v e r y  l a r g e  d u c t i l e  
b e h a v i o r ,  b e h a v i o r  a t  l a r g e  s t ress  p r e s s u r e s ,  what w e  g e t  i s  a 
g r a d u a l l y  i n c r e a s i n g  cu rve  d u c t i l e  b e h a v i o r ,  v e r y  l a r g e  
s t r a i n s ,  and a f a i l u r e  o f  t h e  s a m p l e  w i t h o u t  a k i n k i n g  o f  t h e  
s t r e s s l s t r a in  c u r v e s .  
Ques t ion  (Jim F a i r c h i l d ,  DFEA) : What I ' m  hav ing  t r o u b l e  w i t h  
i s  t h a t  you 've  come o f f  from t h e  un load ing  c u r v e  and go back t o  
your  l o a d i n g  c u r v e ,  b u t  you o n l y  go t o  t h e  same end p o i n t  
s tress t h a t  you have on t h e r e .  
Answer ( E r i c  F a h r e n t h o l d ,  UTA): I d o n ' t  c l a i m  t h a t  w e  go back 
t o  t h a t .  
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Quest ion  (J im F a i r c h i l d ,  DF&A): You go back t o  t h a t  c u r v e ,  
t h e n  w e  t r a c k  t h a t  cu rve  up ,  r i g h t ? .  Does tha t  mean t ha t  
e v e n t u a l l y  w e  g e t  t h e n ,  because  o f  t h e s e  l o o p s ,  w e  g e t  a 
v e r t i c a l  l i n e ?  
Answer  ( E r i c  Fahren tho ld ,  UTA): No, w e  d o n ' t  g e t  a v e r t i c a l  
l i n e .  
Ques t ion  (Jim F a i r c h i l d ,  DFSrA): You're  g e t t i n g  a s h i f t  t h e n  in 
your  l o a d i n g  c u r v e .  
Answer ( E r i c  F a h r e n t h o l d ,  UTA): I n  o t h e r  words,  i f  w e  w e n t  on 
c o n t i n u i n g  t h i s  t e s t  and r e l o a d e d ,  w e  g e t  a r e l o a d i n g  c u r v e  
which h a s  a concave downward shape  and r e t u r n s  t o  t h i s  c u r v e .  
Okay, w e  unload a g a i n .  
Ques t ion  (J im F a i r c h i l d ,  DFSrA): No, t a k e  i t  a l l  t h e  way up t o  
t h e  b u l l e t .  
Answer ( E r i c  Fahren tho ld ,  UTA): Okay, you a re  a s k i n g ,  would i t  
go t o  h e r e ?  N o .  
Comment ( P h i l  Randolph, I G T )  : You're  a s k i n g  t h e  wrong 
q u e s t i o n ,  J i m .  TAet m e  t a k e  a c r a c k  a t  t h i s .  You've g o t  a rock  
l a y i n g  on t h e  bench. You p u t  i t  i n  your  machine. You load  
t h a t  s u c k e r  up t o  t h e  n a t i v e  s t a t e  of t h e  r e s e r v o i r  produced 
f l u i d ,  s a y  t h i s  p o i n t  l i k e  h e r e .  Now i f  you s t a r t  s i m u l a t i n g  
r e s e r v o i r  f l u i d  wi thd rawa l ,  t h a t  would i n c r e a s e  t h e  s t ress  on 
t h e  rock  and y o u ' l l  march up t h i s  cu rve .  Now i f  you s t a r t  
t a l k i n g  about  some recha rge  o f  t h e  r e s e r v o i r  t a k i n g  t h e  f l u i d  
p r e s s u r e  up ,  t h a t ' s  when y o u ' l l  g e t  i n t o  one of t h e s e  j o b s  t h a t  
d i p s  down here somewhat. Now take it back up and it's going t o  
come back  t o  t h i s  p o i n t .  
Ques t ion  (J im F a i r c h i l d ,  - D F & A ) :  You're  s a y i n g  you g e t  i n  t h e  
same scann ing  loop .  
Comment ( P h i l  Randolph, I G T ) :  We cou ld  draw t h e  r e s e r v o i r  down 
some more, y o u ' l l  march up t h i s  curve and y o u ' l l  g e t  a new 
scann ing  loop .  .. 
Quest ion  (Jim F a i r c h i l d ,  DF&A): So.. t h e  scann ing  loops  a r e  
r e p e a t a b l e ?  
- 2 7 -  
Answer ( P h i l  Randolph, IGT): Yes. This  i s  why I worry abou t  
what would happen i f  you r e a l l y  a d d r e s s  t h i s  t ype  o f  q u e s t i o n ,  
because  i t ' s  s o r t  o f  r e l a t e d  t o  a v e r y  d i f f e r e n t  t h i n g  where w e  
focus  ha rd  on what can happen i n  t h e  r e a l  r e s e r v o i r .  We come 
t o  a p e r m e a b i l i t y  s t o r y  which would c a r r y  o v e r  i n t o  t h i s  and 
s a y  t h a t  what you 've  g o t  i s  a s l o p e  you can d e s c r i b e  t h i s  r o c k  
by and you 've g o t  a n o t h e r  parameter s a y i n g  t h a t  s l o p e  
i n t e r c e p t s  a s t r a i g h t  l i n e .  When you 've  g o t  a coup le  
parameters you pu t  i n ,  you 've  g o t  t h a t  s u c k e r .  
Comment ( E r i c  Fahren tho ld ,  UTA) :  L e t  m e  s a y  j u s t  one t h i n g .  
T h i s  w e  have n o t  done. What w e  have done,  because  I unde r s t and  
your  p o i n t  now, what w e  have done i s  t h i s .  We've l o a d e d ,  
un loaded ,  loaded t o  a h i g h e r  s o  n a t u r a l l y  w e  expec t  a change i n  
s o - c a l l e d  p l a s t i c  s t r a i n .  J u s t  as  you mentioned,  w e  should  
come down t o  h e r e  o t h e r w i s e  i t ' s  going  t o  e s s e n t i a l l y  drop  
v e r t i c a l l y .  But ,  l e t  m e  make o n e  o t h e r  p o i n t  i n  regards t o  
t h a t ,  t h a t  i s  t h e  q u e s t i o n  of t i m e  dependent  b e h a v i o r .  W e  
'label t h i s  a lways r e s i d u a l  s t r a i n  a s  opposed t o  p l a s t i c  s t r a i n  
because  i t ' s  a r e s i d u a l  s t r a i n  i n  t h e  sense t h a t  i t  i s  
c o n c e i v a b l y  r e c o v e r a b l e  i f  w e  wai t  l o n g  enough. 
Comment (Jim F a i r c h i l d ,  DF&A): L e t ' s  s a y  g e o l o g i c a l  t ime. 
Comment ( E r i c  Fahren tho ld ,  UTA): Well ,  maybe n o t  even g e o l o g i c  
t i m e .  We're g e t t i n g  s i g n i f i c a n t  t i m e  dependent  de fo rma t ions  
t ha t  were j u s t  several  months i n  t h e  p r e - t e s t .  So t h e  p o i n t  
I ' m  t r y i n g  t o  make, l e t ' s  s a y  w e  d i d  t h i s ,  and w e  should  do i t ,  
and w e  unload down and s a y  w e  g e t  t h i s .  A s  you ment ion ,  t h a t  
i m p l i e s  t h a t  i f  w e  c y c l e  i t  enough, w e ' l l  g e t  a v e r t i c a l  l i n e .  
This d i s t a n c e  r i g h t  here,  i f  w e  wa i t ed  a l i t t l e  t i m e ,  i t  might 
go back.  That  would be  p h y s i c a l l y  c o n s i s t e n t .  The 
t i m e  dependent  b e h a v i o r  would be  r e f l e c t e d  on  t h i s  c u r v e ,  
t h a t ' s  why w e  are do ing  p r e - t e s t  and t h a t ' s  why t h a t  k ind  of 
b e h a v i o r  i s  p a r t i c u l a r l y  a problem on t h e  s h a l e s  on un load ing  
and we're do ing  c r e e p  t e s t s  i n  o r d e r  t o  g e t  a b e t t e r  h a n d l e  on 
t h a t  k ind  of  b e h a v i o r ,  b u t  w e  shou ld  do t h i s  and see what k ind  
o f  r e s u l t  w e  g o t .  
Ques t ion  (Ben Ea ton ,  EOC): I have a d i f f e r e n t  q u e s t i o n  b u t  
i t ' s  r e l a t e d .  I ' v e  been s t u d y i n g  t h e  Dow Sweezy d a t a  from t h e  
Sweczy wel l ,  and I d o n ' t  t h i n k  you a l l  d i d  t h e  rock work. It 
may have been T e r r a t e c h .  They made some g raphs  l i k e  t h i s  
e x c e p t  t h e y  p l o t  t h e  b u l k  c o m p r e s s i b i l i t y  a n d  c o r e  
c o m p r e s s i b i l i t y  on t h e  Y-axis  and c o r e  p r e s s u r e  on  t h e  X-axis .  
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There ' s  t h i s  ab rup t  change. They s t a t e  i n  t h e  body o f  t h e  
r e p o r t  t h a t  i n  a c t u a l  f i e l d  o p e r a t i o n s  they  could  never  draw 
t h e  co re  p r e s s u r e  down t o  8,000 p s i  d u e  t o  e x c e s s i v e  sand 
p roduc t ion .  My ques t ion  i s  this?. Is t h i s  ab rup t  change i n  
t h e s e  graphs  l i k e  t h a t  where you have a t r e n d  i n  t h e  behav io r ,  
i s  t h a t  f a i l u r e ?  And i s  i t  f a i l u r e  t h a t  we would expec t  i n  t h e  
f i e l d  a s  we withdraw t h e  co re  p r e s s u r e ,  t h e  c o r e  f l u i d s  o u t ?  
Comment ( E r i c  Fahren tho ld ,  IJTA): I ' d  r a t h e r  term t h a t  y i e l d i n g  
a s  opposed t o  f a i l u r e ,  a l though  t h o s e  terms a r e  t aken  t o  be 
synonomous. What I mean by y i e l d i n g  i s  p l a s t i c  de fo rma t ion .  
You always have p l a s t i c  de fo rma t ion ,  a s  opposed t o  f a i l u r e .  We 
t a l k  about  a sample f a i l u r e  i n  terms of  g r o s s  mechanical  
f a i l u r e  of  t h e  sample i n  i t s  i n a b i l i t y  t o  suppor t  a l o a d ,  as  
opposed t o  y i e l d i n g  where i t  expe r i ences  p l a s t i c  de fo rma t ion ,  
bu t  can s t i l l  s u s t a i n  load ing .  So y e s ,  I would i n t e r p r e t  t h a t  
a s  y i e l d i n g ,  a l t h o u g h  I ' d  l i k e  t o  look  a t  t h e  d a t a ,  I ' d  s a y  yes  
and I mentioned we l l  bore  s t a b i l i t y  and sand p roduc t ion .  This  
k ind  o f  m a t e r i a l  modeling i s  v e r y  r e l e v a n t  t o  t h e  s tudy  o f  
t hose  k inds  of problems. N o w ,  what w e  would want t o  do i s  go 
ahead and c a r r y  t h i s  loading  curve  f u r t h e r  i n  o r d e r  t o  be a b l e  
t o  q u a n t i f y  t h e  y i e l d i n g  behav io r  o f  t h e  m a t e r i a l .  I n  o t h e r  
words,  a s  I mentioned b e f o r e ,  i f  we load t h i s  f u r t h e r ,  we g e t  
i n  many c a s e s  a very  sharp  change i n  t h e  s l o p e  h e r e  which i s  
evidenced by a sha rp  change i n  t h e s e  c o m p r e s s i b i l i t y  o r  
mechanical  c o e f f i c i e n t s .  
Now t h e r e  a r e  a couple  o f  p o i n t s  t h a t  I t h i n k  a r e  r e a l  
impor t an t  h e r e .  One i s  t h a t  w i t h  rocks  a s  opposed t o  m e t a l s ,  
you f r e q u e n t l y  do not s e e  a we l l  de f ined  y i e l d  p o i n t  l i k e  w e ' r e  
discussing. You tend to see  residual strain present gradually 
i n t roduced  ove r  t h i s  e n t i r e  l oad ing  cu rve  as opposed t o  b e i n g  
d r a m a t i c a l l y  in t roduced  a t  t h e  p o i n t  ' w h i c h  you g e t  t o  a 
p a r t i c u l a r  p r e s s u r e .  I n  o t h e r  words,  i f  you look  a t  a s i m p l e  
m a t e r i a l  model i t  says  i f  you loaded and unloaded under low 
s t r e s s  ranges  i t  e s s e n t i a l l y  r e t u r n s  t o  i t s  o r i g i n a l  s t a t e .  
But ,  once you g e t  t o  t h i s  y i e l d  s t r e s s ,  you b e g i n  t o  g e t  a 
d r a s t i c  s l o p e  change i n  t h e  load ing  curve  and an i n t r o d u c t i o n  
of a l o t  of  p l a s t i c  s t r a i n .  Rocks a r e  more complex and you 
g e n e r a l l y  g e t  t h i s  r e s i d u a l  s t r a i n  over  t h e  e n t i r e  l oad ing  
c y c l e .  You g e t  some' even i f  you j u s t  loaded a l i t t l e  b i t  and 
unloaded i t .  So whether o r  no t  i t  comes back ,  and how f a s t  i t  
does ,  t h a t ' s  aga in -  l ook ing  a t  t h e  e x p l i c i t  t i m e  d e p e n d e n t  
behav io r ,  which i s  not  normally p r e s e n t  f o r  meta l .  Although 
you g e t  i t  w i t h  meta ls  a t  h i g h  t empera tu res ,  b u t  i n  terms of  
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modeling viewpoint, that tells me we need a different 
approach. What I think is a step in the right direction is the 
modeling effort that we have made recently that is in our 
December progress report. The approach we have taken is to 
look at stress and total strain on loading and don't try t o  
break the strain down into p13astic and elastic parts that you 
do with metals on loading. We try to shift focus away from the 
calculation of these moduli, like compaction coefficients and 
Young's modulus, those are only of interest as a means of 
predicting the strain. What we really want to know is how the 
stress changes strain. The only reason we're interested in 
Young's modulus is because that in the ideal case it gives an 
exact description of how stress changes with strain. So the 
problem with calculating these incremental coefficients, 
although we have done it here in what I feel is the most 
reliable fashion by calling normal interpolation and 
calculation of  slopes. If we differentiated the data by 
calculating the slopes of these curves, we get Young's 
modulus. If we p u t  t h a t  into a reservoir model and t r y  t o  back 
out strains from those slopes, we get any errors that appear in 
that differentiation process magnified in the back calculation 
process in the reservoir model. So the whole point is, what we 
care about is not the values of the moduli, but how the strain 
changes with stress. So that's why we want to go to a 
completely different model. Right now I don't have anything to 
replace it, although I think our non-linear model is the right 
direction, and we are working on putting that into reservoir 
work. But focusing on the slopes, I think is the wrong 
approach. 
Question (Ben Eaton, EOC): Let me ask one more question. Have 
we done enough work on these cores where we can say when we 
take the core pressure down to a certain level we're going to 
expect plastic deformation or yielding? 
Answer (Eric Fahrenthold, UTA):  Because we can quantify the 
material behavior from very low stress states up to like 10,900 
- 9,000 psi, from low stress levels to reservoir stress level. 
Question (Ben Eaton, EOC): Let me ask one more time. We have 
one set of data where they have some plots that show a yield. 
And then the field data verify that. I mean it's sanded up 
tight. It's all over with about the same pressure as the core 
said it would be. Can we take something like that and apply it 
to the wells we have now? Is the McCall well going to 
collapse? 
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Answer ( E r i c  Fahren tho ld ,  U T A ) :  L e t  m e  say  one t h i n g  and I 
mentioned t h i s  b e f o r e .  L e t ' s  s ay  t h a t  w e  t es t  t h e s e  samples i n  
what w e  c a l l  r e s e r v o i r  c o n d i t i o n s .  Now t h e  s t r e s s  s t a t e  i n  t h e  
v i c i n i t y  of  a p e r f o r a t i o n  s a y ,  may be much h i g h e r .  
Comment (Ben Eaton,  EOC): I t h i n k  it  i s .  
Answer ( E r i c  Fahren tho ld ,  UTA): Then what we need  t o  do,  i n  my 
o p i n i o n ,  i s  t e s t  t h e s e  rocks .  And we can do t h a t  w i t h  minimal 
e f f o r t .  Do some more t e s t s  a t  h i g h e r  s t ress  l e v e l s  t o  go up 
and s e e  where t h i s  curve  peaks f o r  b r i t t l e  behav io r  and f o r  
d u c t i l e  b e h a v i o r ,  what t h e  u l t i m a t e  load  t h e  m a t e r i a l  w i l l  
c a r r y .  Because t h a t ' s  t h e  m a t e r i a l  behav io r  t h a t  i s  r e l e v a n t  
t o  t h a t  problem. What we would do t o  make a r e l i a b l e ,  i n  my 
o p i n i o n ,  p r e d i c t i o n  o f ,  say  p roduc t ion  r a t e s ,  i s  c a r r y  t h e s e  
curves  up f u r t h e r  u n t i l  w e  g e t  f a i l u r e  o f  sample which t e l l s  us  
u l t i m a t e  s t r e n g t h  of  m a t e r i a l .  There a r e  a number of  d i f f e r e n t  
approaches t o  t h e  w e l l  bo re  s t a b i l i t y  problem, and t h e  
p e r f o r a t i o n  s t a b i l i t y  problem. I have worked w i t h  John Chittum 
a t  Rice and am f a m i l i a r  w i t h  how we t a k e  a m a t e r i a l  behav io r  
and put  i t  i n t o  models t h a t  make p r e d i c t i o n s  about  s t a b i l i t y .  
The on ly  p i e c e  of  i n fo rma t ion  I t h i n k  w e  a r e  mis s ing  i s  t o  look  
a t  sand p roduc t ion  and format ion  s t a b i l i t y  i n  t h i s  we l l  and do 
a few more t e s t s  a t  h i g h  s t r e s s .  
Comment (Ben Eaton, EOC): Let me e x p l a i n  why I ' m  a s k i n g  t h i s  
q u e s t i o n .  This  p i ece  of  rock  came o u t  o f  t h e  P l e a s a n t  Bayou 
we l l  a couple  of  days ago. There has  been no p e r f o r a t i n g  done 
s i n c e  t h a t  we l l  was produced a few y e a r s  ago. So maybe t h i s  i s  
p l a s t i c  deformat ion  due t o  p e r f o r a t i o n s .  I d o n ' t  know, b u t  i t  
looks l i k e  i t  i s  p r o d u c i n g  s a n d .  This  i s  t h e  type  o f  problem 
w e ' r e  f a c i n g ,  and I t h i n k  we need t o  zero i n  on t h i s  so w e  can 
s e e  what i t  i s .  
Answer ( E r i c  Fahrenthold ,  UTA): Now I looked a t  t h i s  
p a r t i c u l a r  problem of p e r f o r a t i o n  s t a b i l i t y  w i t h  my t h e s i s  work 
w i t h  John Chittum. We looked a t  s a f e  p roduc t ion  r a t e s  f o r  
sands which e x h i b i t  e x a c t l y  t h i s  t ype  of  problem i n  p o r o s i t y  
e x t r u s i o n  of cha lk  through c a s i n g  p e r f o r a t i o n s  w i t h  what I f e e l  
i s  t h e  most r e a l i s t i c a l l y  c u r r e n t l y  employed f a i l u r e  model f o r  
rock  y i e l d i n g  and c e r t a i n l y  i f  t h a t ' s  of i n t e r e s t  t o  t h e  
program, we can do t h a t  type  o f  work w i t h  a few more t e s t s .  
Quest ion ( D .  R i n e y ,  S-Cubed): A t  t h i s  p a r t i c u l a r  t i m e ,  i t  i s  
i n t e r e s t i n g  because  w e  t a l k e d  abou t  your t e s t s .  Did they  
s t a r t ,  a r e  those  p a r t i c u l a r  r e l a t i o n s  based upon t a k i n g  t h e  
specimens t o  f a i l u r e ?  
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Answer (Eric Fahrenthold, U T A ) :  What we do is a series of 
tests which load the material through a tube, for example, 
in situ state on one end, 9,000 psi axial load, 5,000 psi 
radial load and some pore pressure slightly below the radial 
loading condition and incremental stress/strain relations 
describe a deviation of the sample from in situ conditions. 
From free stress conditions which range all the way from in 
situ conditions to much lower stresses, the lower stresses 
being again to investigate that behavior as we take a rock up 
to in situ conditions. 
Question (D. Riney, S-Cubed): You start out with some in situ 
conditions? 
Answer (Eric Fahrenthold, UTA): From a reservoir modeling 
point, we would expect those incremental stress/strain 
relations to describe deviations from the in situ condition, 
which is what would be relevant in most applications. 
REVIEW OF GRI PROGRAMS L. Rogers, GRI 
Question (Bob Christopher, Retired): Where can and can't GRI 
spend money in Port Arthur? 
Answer (L. Rogers, GRI): Port Arthur is an interesting project 
in the fact that it's been going on  for several years now. One 
of the reasons that it is in the position it is in now is that 
GRI has maintained its operating procedure. I don't know that 
it is a hard and fast rule, if we get revenues out of the well, 
those revenues go into the GRI coffer directly, I can't use 
those on this project. So it is a practical matter. 
Basically, we need to coordinate a program so that the GRI 
moneys go into research activities and things like that and 
industry's moneys handle what would be more conventional 
activities. Probably have to get with an accountant to 
determine which items. In general that's the principle, that 
the industry people will fund the more normal development of 
the program and GRI's funds will go into the more technical 
research aspects. Then in each case we have to determine where 
the dividing line is. We have participated in the secondary 
gas and getting the new well going because we needed that sort 
of well to be a laboratory to do additional work. In that 
regard, we provide a certain amount of  moneys into what would 
normally be conventional type work. In the Port Arthur 
project, GKI is providing the funds right now to do the 
reentrance and reestablish what the reservoir conditions are, 
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because  t h a t  i s  suppor t ing  t h e  G R I  g o a l s .  I n  t h e  c a s e  of  P o r t  
Ar thu r ,  we w i l l  n o t  con t inue  on and do a major t e s t  u n l e s s  
t h e r e ' s  e i t h e r  a change i n  G R I  p o l i c y  o r  you g e t  t h e  i n d u s t r y  
people  l i n e d  up t o  work on t h e  p r o j e c t .  So t h a t ' s  j u s t  a rough 
i d e a  of  t h e  breakdown. 
Ques t ion  (Mason Tomson, Rice  Univ . ) :  What do you s e e  beyond 
1990? 
Answer (Leo Rogers ,  IGT): What I see beyond 1990 i s  t h a t  w e ' l l  
have thought  o €  a whole l o t  o f  t h i n g s  t o  work on by t h a t  t i m e .  
And a l o t  of  a c t i v i t i e s  i n  t h e  co -p roduc t ion  program w i l l  be  
cont inued .  They may be con t inued  under  a d i f f e r e n t  program 
a r e a ,  however. G R I ' s  g e t t i n g  some new p r o j e c t  a r e a s  s t a r t e d  
f o r  t h e  more g e n e r i c  t y p e  work such a s  d e e p  w e l l  d r i l l i n g  and  
t h i n g s  l i k e  t h a t .  I d o n ' t  s e e  u s  running  o u t  o f  i d e a s ,  b u t  
from p r o j e c t  management p e r s p e c t i v e ,  w e  s e t  o u t  some i n i t i a l  
g o a l s  back i n  1980, and we have b a s i c a l l y  ach ieved  our  g o a l s  a s  
they  were o r i g i n a l l y  w r i t t e n ,  so a t  t h a t  p o i n t  we r e s t r u c t u r e d  
what t h e  next  s e t  of  g o a l s  a r e  and how we a r e  going  t o  g e t  them 
done. 
Ques t ion  (Dave Riney,  S-Cubed): Ques t ion  - i s  t h e  Sweden 
P r o j e c t  p a r t i a l l y  funded by G R T ?  
Answer (Leo Rogers ,  IGT): G R I ' s  b a s i c  Research Department i s  
p u t t i n g  a l i t t l e  b i t  o f  money i n t o  t h a t  p r o j e c t  ... t o  s e a r c h  f o r  
deep gas .  The G R I  p a r t i c i p a t i o n  i s  approx ima te ly  10 pe rcen t  o f  
t h e  t o t a l  program. With t h e  10 pe rcen t  p a r t i c i p a t i o n ,  we've 
go t  a couple  of  people  t h a t  s i t  on a d v i s o r y  commit tees ,  and w e  
a r e  p u t t i n g  i n  our  10 pe rcen t  v o t e ,  i f  you want t o  c a l l  i t  
t h a t .  The Swedish Power Board is running t h a t  p r o j e c t ,  and 
t hey  have a l o t  o f  Swedish i n d u s t r y  people  w i t h  them on t h a t .  
And i t  i s  a 5,000 meter  w e l l  d r i l l i n g  th rough  g r a n i t e .  T 
under s t and  t h e y ' v e  go t  Pa rke r  and a c o n s u l t a n t  on t h e  d r i l l i n g ,  
bu t  t hey  have not s e l e c t e d  a d r i l l i n g  c o n t r a c t o r  and they  a r e  
p l ann ing  on doing t h a t  i n  t h e  nex t  month o r  s o ,  and they  have a 
t a r g e t  d a t e  sometime i n  May o r  June t h i s  y e a r .  The Swedish 
Power Board has  a b i g  t h i c k  book t h e y ' v e  pu t  o u t ,  and I have a 
copy oE i t  a t  my desk ,  s t a t e s  t h a t  t h e i r  pr imary o b j e c t i v e  i s  
t o  g e t  gas .  They a r e n ' t  t oo  i n t e r e s t e d  i n  p rov ing  Tommy Gold ' s  
t heo ry  about  deep formed gas  m i g r a t i n g  up t o  p rov ide  t h e  
sou rce .  Tommy Gold ' s  go ing  around t h e  world 
t e l l i n g  how g r e a t  i t  i s  now anyway. You ve probably  s e e n  some 
a r t i c l e s  r e c e n t l y .  S o ,  G R I  i s  s u p p o r t i n g  t h a t  t o  a smal l  
e x t e n t ,  bu t  we a r e  d e f i n i t e l - y  not  running  t h a t  program. 
But t h a t  s f i n e .  
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Quest ion (Walt Kocher, SLU): Ques t ion  on Environment Impact 
S ta tement  problems. 
Answer (Leo Rogers ,  GRT): Our  Environmental  P r o j e c t  i s  i n  
a c t i o n  a g a i n  because  o f  new fund ing ,  I c a n ' t  fund e v e r y t h i n g  
tha t  comes a long .  W e  d i d  fund r e c e n t l y  a s t u d y ,  which I d o n ' t  
know what i t  i s  ... about  how we g o t  c l eanup  b r i n e  from b r i n e  
d i s p o s a l  (H i t chcock) .  . .That  was conducted by t h e  U n i v e r s i t y  o f  
Houston, and a coup le  o f  g r a d u a t e  s t u d e n t s  came up w i t h  some 
i n t e r e s t i n g  ways and a l t e r n a t e  methods t o  c l e a n  up t h e  b r i n e  
and meet t h e  r e q u i r e m e n t s ,  DOE r equ i r emen t s  p r i m a r i l y ,  and 
r i g h t  now t h e  o p e r a t o r  o f  secondary  g a s  i s  going  th rough  a n  
assessment as  t o  whether  t o  d r i l l  more d i s p o s a l  w e l l s  o r  g e t  
more p e r m i t s  t o  dump a d d i t i o n a l  b r i n e  i n t o  t h e  l o c a l  
d i v e r s i o n a r y  c a n a l .  And i n  o u r  view t o  conduct  t h e  program, 
t h e  b r i n e  h a n d l i n g  can be  a p o t e n t i a l  problem. It looks  l i k e  
i t  i s  more o f  a n  economics problem than  j u s t  a s i m p l e  
e n g i n e e r i n g  problem and n o t  one w e  need t o  p u t  a l o t  o f  
r e s e a r c h  i n t o .  So w e  a r e  a d d r e s s i n g  envi ronmenta l  i s s u e s  on a 
case-by-base  b a s i s  as t h e y  impact o u r  p a r t i c u l a r  f i e l d s .  We 
a re  not a d d r e s s i n g  i t  as  a b r o a d  g e n e r i c  p r o g r a m .  
UT/BEG PROSPECT EVALUATION, LOGGING M .  L i g h t  (BEG) 
RESEARCH AND HYDROCARBON SOURCE ANALYSIS 
FOR N.E.  HITCHCOCK 
Quest  i on  (P. Randolph , IGT) : Quest i o n s  on Elalcolm' s 
graph  ... L e f t  s i d e  material  o r  have a s u r p l u s  o f  r i g h t  s i d e  
mater ia l?  Is t h e r e  a l o t  more eddy m a t e r i a l  o n  a n  a b s o l u t e  
s c a l e ?  
A n s w e r  ( M .  L i g h t ,  BEG): A l l  I can s a y  i s  t h a t  t h i s  p r o c e s s  o f  
water washing a p p e a r s  t o  be  done by v e r y  h i g h  t empera tu re  
water,  and i t  h a s  removed t h e  b l a c k  mater ia l  from t h e  P r i n c e  
w e l l .  But i s  a l s o  cooked, h e a t e d  up ,  and i t  changes i t s  
m a t u r i t y .  So t h a t ' s  a c t u a l l y  modi f ied  d i s t u r b a n c e  as  w e l l .  
Ques t ion  ( P h i l  Randolph, IGT): ... r i g h t - h a n d  s i d e  you o n l y  
have ... ca rbon .  The l i t t l e  b l u e  t h i n g  o v e r  t h e r e  i s  k ind  o f  
l i k e  g a s o l i n e .  
Answer  ( M .  L i g h t ,  R E G ) :  Yes. Otherwise w e  l ook  a t  them and w e  
g e t  what could  v e r y  w e l l  be a c t u a l  s imi l a r  sands  from t h e  two 
wel ls .  So you o b v i o u s l y  look  a t  t h e  same s t a t i s t i c  s i t e  b u t  
t h e r e ' s  t h i s  remarkable  change . .  .4nd w e  t h i n k  t h a t  t h i s  w a t e r  
washing was done by t h e s e  v e r y  h o t  w a t e r s ,  a n d  t h e y  mig ra t ed  
down. And w e  hope t h a t  when w e  g e t  t h e  a n a l y s e s  o f  t h e  
hydrocarbons  done ,  t h a t  w e  a r e  go ing  t o  look  a t  t h e  Lindsay 
c o n s e r v a t i o n  i n  them and see i f  w e  can f i n d  t h e  c o r r e l a t i o n  
w i t h  t h i s  mud. 
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Ques t ion  ( P h i l  Randolph, IGT): Pursuant  t o  t h e  i n t e r r u p t i o n  I 
made a l i t t l e  b i t  ago ,  t h e  r eason  I asked t h a t  q u e s t i o n  i s  t h e  
P r e t z  w e l l  produces much more l i q u i d  hydrocarbon i n  r e l a t i o n  t o  
e i t h e r  water o r  g a s  than  t h e  o t h e r  w e l l .  
Answer (M. L i g h t ,  BEG): Yes. Tha t ,  i n  f a c t ,  seems t o  b e .  
Ques t ion  ( P h i l  Randolph, IGT): The b r i n e  h a s  a l o t  of heavy 
s t u f f  added r a t h e r  t h a n  l i g h t  e n d s ,  and t h e  p o t e n t i a l  f o r  o i l  
i n  r e l a t i o n  t o  t h e  o t h e r  f l u i d s ?  
Answer (M. L i g h t ,  BEG): T h a t ' s  c o r r e c t .  I t ' s  a r e l a t i o n s h i p  
t o  p o s i t i o n  i n  t h e  f i e l d .  A s  you go from t h e  g a s / w a t e r  
c o n t a c t ,  t h e  o r i g i n a l  g a s / w a t e r  c o n t a c t ,  and move up t h e  c r e s t  
o f  t h e  f i e l d  where t h e  P r e t z  w e l l  i s ,  i s  a lmost  a con t inuous  
change i n  t h e  r a t i o  o f  a r o m a t i c  hydrocarbons .  But t h a t  would 
n o t  a f f e c t  t h i s  p a r t i c u l a r  a r o m a t i c  compos i t ion ,  because  t h i s  
i s  a p a r t i c u l a r  range  ... We have happened t o  look  a t  t h a t  d e t a i l  
as w e l l . .  . I  have made a map showing t h e  c o n c e n t r a t i o n s  of  t h e  
g a s / w a t e r  r a t i o  i n  t h e  f i e l d  i n  i t s  d i r e c t  r e l a t i o n s h i p  t o  i t s  
p o s i t  ion. 
End o f  morning S e s s i o n  of Day 2 .  
GAS RESEARCH INSTITUTE CO-PRODUCTION OF GAS & WATER PROGRAM 
WEDNESDAY. MARCH 5.  1986 
LOUISIANA STATE UNIVERSITY/GEOLOGIC SURVEY PROSPECT EVALUATION 
AND PROJECT INITITIATIONS WITH OPERATORS I N  LOUtSIANA 
Z .  Bassouni  (LSU) 
Ques t ion  (Frank O 'Br ien ,  WKT): Have t h e  peop le  you 've  
approached ,  t h e  o p e r a t o r s ,  a c c e p t e d  your  models o r  have t h e y  
found f a u l t  w i t h  t h e  b a s i c  a n a l y s i s  t h a t  y o u ' r e  do ing?  
Answer ( Z .  B o u s s i n i ,  LSU): We have t h i s  m a t e r i a l  as a n  
e q u a t i o n  model. Th i s  i s  a t a n k  model. Chevron, f o r  i n s t a n c e ,  
accep ted  as i s .  That i s ,  i t  m i r r o r s  what t h e y  do a t  t h e  
d i v i s i o n  l e v e l .  They d i d n ' t  f i n d  any  f a u l t  w i t h  i t .  Dick 
S i c k l e ,  f o r  i n s t a n c e ,  s a i d  t h a t ' s  f i n e  b u t  we'd l i k e  t o  see a 
3-dimensional  s t u d y .  Texaco, i n  t h e  Dick S i c k l e  c a s e ,  w e  
proceeded w i t h  3-D model. So once w e  f i n i s h  o u r ,  l e t ' s  s a y  the 
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tank model analysis, we would work with the company to find out 
what their management will accept. The 3 - D  modeling is quite 
expensive, and we are tryin to get the company to provide 
their model and if they don t want to spend this additional 
money, I'm happy with what we have. 
EATON OPERATING COMPANY PROSPECT EVALUATION AND STATUS OF N.E. 
HITCHCOCK AND PORT ARTHUR PROJECTS 
B. Howell, W. Parisi, L. Anderson, K. Peterson, EOC 
Question (Hank Coffer EGGrG): Where is the water coming from? 
Answer (W. Parisi, EOC): Okay, I'll show you the aquifer map. 
This large houndry fault continues on south, where it hooks up 
with the other boundry fault, which continues east, just north 
of Live Oak. This fault continues up towards Banker and then 
there is a spur that separates Banker from this deal here. A s  
far as I can  tell, the aquifer extent goes all the w a y  over to 
Tigre Lagoon. I do have some suspicions there's a large buried 
fault almost due north of  Live Oak that runs almost north-south 
along the section boundary, but it does n o t  appear to cut off 
the aquifer sand. We're looking at a very large reservoir, 
aquifer-wise anyway. So the water is coming from here and 
further east. 
More presentation by (K. Peterson, EOC) 
No quest ions. 
More presentation (L. Anderson, EOC) 
Question ( ? ) :  What did you say the current gas producing rate 
was for Hitchcock? 
Answer (L. Anderson, EOC): It is in the neighborhood o f  1 and 
1 - 1 / 2  million cubic feet per day, total from all the fields. 
FIELD TEST RESULTS FROM N.E. HITCHCOCK 
P. Randolph and T. Osif, IGT added to presentation 
No questions. 
MODELING RESULTS FOR N.E. HITCHCOCK K. Ancell, DFGrA 
No quest i o n s .  
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x 
SUMMARY OF SCALE AND ADVERSE 
CHEMICAL REACTION RESEARCH 
. .. . ~ . .  . ... . - .  
M .  Tonson, Rice I J n i v e r s i t y  
No q u e s t i o n s .  
SUGGESTION BY FRANK O ' B R I E N  
I t h i n k  i t  would be h e l p f u l  t o  have a meet ing  l i k e  t h i s  more 
o f t e n  t h a n  e v e r y  two y e a r s .  I know t h e r e  a r e  budget  problems,  
b u t  dropping  t h e  meet ings down t o  as i n f r e q u e n t  as t h e y  have 
been ,  and dropping  t h e  newsle t te r  i s  n o t  a good way t o  g e t  
i n f o r m a t i o n  o u t .  I t h i n k  somehow an i n f r e q u e n t  n e w s l e t t e r  o f  
w h a t ' s  go ing  on i n  t h e  program needs t o  be  put: o u t  by DOE o r  
G R I ,  and t h e s e  mee t ings ,  s u r e  hope t h e y  can  be h e l d  once a 
y e a r .  
Comment (L .  Rogers ) :  Good s u g g e s t i o n .  I ' l l  see what w e  can 
do. The one problem I have n o t i c e d  th rough  t h e s e  mee t ings ,  and 
you may have n o t i c e d  t o o ,  by t h e  t i m e  we cove r  b o t h  programs i n  
as much d e t a i l  as  w e  have t o d a y ,  t h e y  g e t  t o  be ex t r eme ly  
long .  And w e  may need t o  work o u t  fo rma t s  t o  c o v e r  more 
material  i n  less d e t a i l .  Maybe w e  cou ld  do something l i k e  t h a t  
and s t i l l  cove r  t h e s e  meet ings  j u s t  e x a c t l y  l i k e  we'd l i k e  t o .  
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GEOPRESSURED-GEOTHERMAL REVIEW 
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Geopressure Geothermal Program 
IFY-85 Accomplish 
0 Gladys McCall well maintained at 95% flow efficiency 
i 
0 Downhole scale inhibitor injection procedure successfully 
completed 
- Joint effort GRI, Rice University, and DOE 
- Flow increased 15 -- 30,000 B/D 
New well operating contractor selected 
Determined existing analytical techniques do not predict 
reservoir performance 6 6719 
I 
Geopressured Geothermal Program 
FY=86 Plan 
Continue flow testing Gladys McCall 
Rework Pleasant Bayou 
Install EPRl System 
Initiate flow testing at P!easant Bayol: 
Focus research program on reservoir analysis problem 
6 6720 
t 
s in 
Q Continue flow testing at high rate 
0 Obtain controlled downhole data for reservoir 
evaluation 
0 Assess corrosion 
0 Monitor for unexpected problems 
6 6725 
i 
I 
I 
Gladys McCall Shutdown 
Surface Facilities 
- Minor pipe replacements and valve repairs 
Injection Well 
- Tubing parted at 2100 ft still useable 
Bottom Hole Fill 
- Suspect leak 
Production Well Tubing 
- Good condition 
Reservior Recovery 
- Consistent with prior data 
Current Status 
- 30,000 + Bbls/D 6 6724 
Pleasant ayou Tes 
0 Clean production well, determine reservoir pressure 
e Retube production well 
e Repair injection well 
Install EPRl Hybrid Electric Power Generation System 
Repair surface facilities 
6 6721 
0 Initiate flow at high rate and test EPRl System 
Geopressured Geothermal Program 
Areas of Research 
Determi ne magnitude resource 
Develop exploratory techniques 
Assess product ion problems 
0 Verify utiiization technology 
6 6726 
Geopressured Geothermal Program 
FY-86 Supporting Re 
i 
Prioritv 
Reservoir analysis 
Environmental 
monitoring 
Resource prediction 
Scale inhibition 
Research Tasks 
- Rock mechanics 
- Geology 
- Oil analysis 
- Modeling and data analysis 
- Subsidence 
- Seismicity I 
- Water quality 
- Mud log analysis 
- Effect rock stress on core resistance 
- Trace element effect on neutron logs 
- Cooperative effort with GRI on 
in hi bit ion chemistry 6 6715 
I 1 
Geopressured Geothermal Program 
Supporting Research 
Technical support 
Logging research 
= Information system 
Acquifier simu!ation 
Rock mechanics 
6 6716 
Geopressured Geotherma rogram 
Supporting Resea 
kouisian State U versity 
Subsidence studies 
Seismic studies 
0 Geology studies Gladys McCall 
6 6711 
I 
Geopressured Geothermal Program 
Supporting Research 
SCUBED 
- Reservoir modeling 
University Southwestern Louisiana 
- Sampling and analysis gas condensates and oil 
Lawrence Berkeley Lab 
- Theoretical analysis gas condensates and oil 
Southern University 
- Water quality monitoring 
Texas Southern 
- Cooperative research with Rice University scale inhibitors 
NOAA 
- Leveling survey Louisiana 
6 6718 
Geopressured Geothermal Program 
Five-Year Plan 
FY-86 Operate Gladys i ikCall* and Pleasant Bayou 
well systems 
FY-87 Continue operation of Wells* and evaluate 
Hulin condition 
i 
FY-88 Continue operations* rework Hulin well, 
install advanced energy conversion system on 
H u li n we1 I 
FY-89 Operate wells * 
FY-90 P&A wells complete reports 
*Well testing on each well will continue until operating 
costs exceed revenue. Only one well can operate at a loss. 
6 6722 
I 
Goepressure Geothermal Program 
Problem - Budget cost Sm/yr - 3m/v 
Potential areas to delay 
Well testing 
- Gladys McCall 
- Pleasant Bayou 
- Hulin 
Supporting research 
- Reservoir analysis 
- Environmental analysis 
- Resource anaiysis 
- Scale studies 
Utilization studies 
- EPRl 
- Advanced system 6 6713 
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SCALE I N H I B I T I O N  A T  GLADYS McCALlL-SUMMARY AND R E V I E H  
M. TOMSON - R I C E  U N I V E R S I T Y  
SUMMARY OF GLADYS McCALL INHIBITOR SQUEEZE 
Progres s  has  been made toward c o n t r o l l i n g  s c a l e  format ion  from 
b r i n e s  o f t e n  a s s o c i a t e d  w i t h  geopressured  energy p roduc t ion  and 
w i t h  coproduct ion  w e l l s .  A s  b r i n e  f lows o u t  o f  t h e  format ion  and 
up t h e  w e l l  t h e  p r e s s u r e  d rops .  The p r e s s u r e  drop  causes  
d i s s o l v e d  carbon di .oxide,  CO2, t o  go o u t  of s o l u t i o n ,  which 
increases t h e  s o l u t i o n  pH. The pH rise causes  aqueous 
b i c a r b o n a t e ,  HC03, t o  be conver ted  t o  c a r b o n a t e ,  C03(2-), which 
t ends  t o  i n i t i a t e  calcium c a r b o n a t e ,  CaC03, p r e c i p i t a t i o n  e i t h e r  
i n  t h e  format ion  pore  t h r o a t s  n e a r  t h e  w e l l  b o r e  o r  on t h e  
product ion  t u b i n g  w a l l .  The tendency o f  b r j h e  t o  form scale 
d e c r e a s e s  as t h e  tempera ture  d rops .  The drop  i n  t empera tu re  i s  
r a r e l y  s u f f i c i e n t  t o  o f f s e t  t h e  p r e s s u r e  drop.  I f  t h e  t u b i n g  i s  
s c a l e  f r e e  and  t h e  r a t i o  o f  t h e  bottom h o l e  t o  t h e  s u r f a c e  
p r e s s u r e  i s  less than  about  6 t o  10 ,  g e n e r a l l y  scale format ion  
w i l l  no t  commence, b u t  t h i s  s e v e r e l y  l i m i t s  t h e  p roduc t ion  ra te .  
A l t e r n a t i v e l y ,  t race c o n c e n t r a t i o n s  o f  chemica ls  which i n h i b i t  
scale format ion  can be used .  Most scale  i n h i b i t o r s  are  e i t h e r  
phosphonates ,  p o l y a c r y l a t e s ,  o r  po lymalea tes  and g e n e r a l l y  
p reven t  scale format ion  a t  c o n c e n t r a t i o n s  o f  1 mg/l o r  less.  
These i n h i b i t o r s  can be i n j e c t e d  i n  t h e  s u r f a c e  equipment o r  
downhole w i t h  a small t r e a t i n g  s t r i n g  o r  can  be squeezed i n t o  t h e  
format ion  f o r  slow release on flowback. 
To p reven t  s c a l e  format ion  i n  t h e  s u r f a c e  equipment,  i n h i b i t o r s  
can be i n j e c t e d  immediately a f t e r  t h e  Chris tmas tree.  I n  most 
c a s e s  t h i s  i s  a n  inexpens ive  and e f f i c i e n t  p r o c e s s .  I f  t h e  
p r e s s u r e  of  the hot b r i n e  i s  dropped to  a tmospher ic  i n  the 
s u r f a c e  equipment,  It w i l l  g e n e r a l l y  n o t  be p o s s i b l e  t o  p reven t  
n u c l e a t i o n  and s c a l e '  format ion  w i t h  a n y  r easonab le  c o n c e n t r a t i o n  
o f  i n h i b i t o r s .  (Note t h a t ,  i n  such  c a s e s  i t  may be p o s s i b l e  t o  
p reven t  scale  format ion  by reducing  t h e  t empera tu re  beEore t h e  
f i n a l  p r e s s u r e  drops  t o  a tmospher ic  p r e s s u r e ,  b u t  t o  t h e  a u t h o r ' s  
knowledge such a procedure has  n o t  been t r i e d . )  
To prevent  s c a l e  format ion  i n  t h e  p roduc t ion  t u b i n g  as w e l l  as i n  
t h e  s u r f a c e ,  equipment,  i n h i b i t o r s  can  be i n j e c t e d  downhole v i a  a 
sma l l  diameter, ( 1 / 4  i n .  OD,  o r  l e s s )  t ub ing .  S p e c i a l  a l l o y  
s t e e l s  are g e n e r a l l y  r e q u i r e d  because  most i n h i b i t o r s  are a c i d i c  
and c o n t a i n  small amounts o f  c h l o r i d e  which promotes c o r r o s i o n .  
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The majority of the research in the present report has related to 
inhibitor squeeze methods. An inhibitor squeeze can potentially 
prevent scale formation in the formation, the production tubing, 
and the surface equipment. The technology of squeezing 
inhibitors into formations which are calcite cemented is rather 
well developed. In summary, an appropriate amount of the acid 
form of an inhibitor is injected into the formation and reacts 
with the calcite to dissolve calcium and neutralize the acid, at 
the same time. The neutralized calcium-inhibitor salt 
precipitates in place. Then, as brine flows back through the 
formation a small amount of the calcium-inhibitor salt dissolves 
slowly releasing inhibitor into solution. Such an inhibitor 
squeeze into the Prets well in the Hitchcock Field, near Houston, 
TX, effectively prevented scale formation for six to nine 
months. This is a longer treatment life than is normally 
reported in the industry, but it is not unreasonable. Samples of  
the brine were periodically collected and analyzed for inhibitor 
concentration. The concentration of inhibitor dropped to about 
0.5 to 1.0 mg/l within a week and remained in that range for a 
long period of time. Some difficulty was encountered with the 
analytical measurement of the inhibitor concentration when it was 
less than 0 .5  mg/l. Consequently, it is not known how low the 
inhibitor concentration was when scale began to form. Since that 
time, an improved method of inhibitor separation and measurement 
has been developed which permits accurate measurements of 
phosphate or phosphonat,e based inhibitor concentrations to as 
little as 0.02 mg/l. 
When formations are secondary quartz cemented, as is the DOE 
geopressured Gladys McCall well, and a normal inhibitor squeeze 
is attempted, generally insufficient amounts of the inhibitor is 
retained by the formation to be cost effective. It is, 
therefore , necessary to induce precipitation of the inhibitor by 
either using a calcium chloride overflush, adding calcium to the 
pH adjusted inhibitor solution, or, as suggested herein, to use 
the calcium in the formation brine itself. Several laboratory 
column simulations of the squeeze regime were tested using Gladys 
McCall core material. In these laboratory tests, about five 
times as much inhibitor was retained by the core materials when a 
calcium chloride overflush was used. A s  a consequence, an 
inhibitor pill we designed to be injected at about two barrels 
per minute in the following sequence: 
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1. 
2 .  
3 .  
4 .  
5 .  
6. 
Due t o  
c o n t a c t  
300 B o f  15% N a C l  spacer 
100 B o f  6% i n h i b i t o r  i n  15% N a C l  ( t h e  i n h i b i t o r  w a s  
n i t r i l o t r i  (methylene phosphonic)  a c i d  from Champion 
Chemicals o f  Houston, TX) 
100 B o f  15% N a C l  s p a c e r  
100 B o f  10% C a C 1 2  o v e r f l u s h  
500 B o f  15% N a C l  i n t o  t h e  fo rma t ion  as a pushe r  
The w e l l  w a s  t o  be  s h u t  i n  f o r  24 h o u r s  t o  a l l o w  
r e a c t i o n  
p r e s s u r e  i n c r e a s e  when t h e  ca lc ium c h l o r i d e  came i n  
k i t h  t h e  f o r m a t i o n ,  i t  w a s  o n l y  p o s s i b l e  t o  pump t h e  
C a C 1 2  and about  2 5  B o f  t h e  nex t  N a C l  b e f o r e  t h e  w e l l  w a s  s h u t  i n  
t o  permi t  r e a c t i o n .  Br ine  samples  were t a k e n  e v e r y  10 I3 d u r i n g  
t h e  f low back o f  t h e  p i l l  and p e r i o d i c a l l y  t h e r e a f t e r .  These 
samples  were ana lyzed  f o r  numerous e l e m e n t s ,  i n  a d d i t i o n  t o  t h e  
i n h i b i t o r  i t s e l f .  It  w a s  found t h a t  magnesium was t h e  most 
d i s t i n c t i v e  t r a c e r  f o r  the fo rma t ion  b r i n e  and t h a t  sodium and 
potass ium could  probably  be  used  t o  t race t h e  p i l l .  The t h r e e  
hundred b a r r e l s  o f  l e a d  s p a c e r  could  neve r  be i d e n t i f i e d  by any  
o f  t h e  tracers i n  t h e  samples ;  an  e x p l a n a t i o n  f o r  i t s  f a t e  i s  
s t i l l  n o t  a v a i l a b l e .  About 70% o f  t h e  i n h i b i t o r  f lowed back 
w i t h  t h e  f i r s t  few thousand b a r r e l s  o f  b r i n e  p r o d u c t i o n .  The 
remain ing  i n h i b i t o r  w a s  s lowly  r e l e a s e d  o v e r  t h e  n e x t  s i x  
months. T h e  concentration of the inhibitor dropped to about 0.1 
t o  0.2 mg/l w i t h i n  a few weeks and remained t h e r e  u n t i l  t h e  w e l l  
w a s  s h u t  i n  f o r  r e p a i r  and r e squeeze  i n  J a n u a r y ,  1986. P r i o r  t o  
t h e  i n h i b i t o r  squeeze ,  t h e  p r o d u c t i o n  was l i m i t e d  t o  abou t  15,000 
BPD i n  o r d e r  t o  avo id  s c a l e  fo rma t ion .  Th i s  s e v e r e l y  c u r t a i l e d  
gas p roduc t ion .  A f t e r  t h e  squeeze  i t  w a s  p o s s i b l e  t o  i n c r e a s e  
t h e  p r o d u c t i o n  r a t e  t o  abou t  30,000 BPD, s t i l l  w i t h o u t  scale  
fo rma t ion  i n  t h e  p r o d u c t i o n  t u b i n g .  A t  a b o u t  three months i n t o  
p roduc t ion  a l i g h t , s c a l e  was observed  i n  t h e  s u r f a c e  equipment i n  
t h e  f i n a l  f i l t e r s  b e f o r e  t h e  d i s p o s a l  w e l l .  This  w a s  p reven ted  
by a d d i t i o n  o f  0 .25 mg/l o f  i n h i b i t o r .  S t i l l  no i n d i c a t i o n  of 
scale  fo rma t ion  i n  t h e  p r o d u c t i o n  t u b i n g  w a s  found,  and when t h e  
w e l l  w a s  s h u t  i n  t h e  h i g h  p r e s s u r e  s i d e  of t h e  choke was observed  
t o  be  s c a l e  f r e e .  
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Based upon an a n a l y s i s  o f  t h e  breakthrough d a t a  o f  t h e  flowback 
cu rves  from the f i r s t  squeeze  j o b ,  i t  w a s  e s t i m a t e d  t h a t  i t  
shou ld  b e  p o s s i b l e  t o  u s e  t h e  ca lc ium i n  t h e  format ion  b r i n e  i f  
s u f f i c i e n t  mixing could  be  induced by a l a r g e  p i l l .  This would 
avoid  the p r e s s u r e  i n c r e a s e  observed when t h e  ca lc ium of t h e  
o v e r f l u s h  h i t  the format ion  and would g r e a t l y  ' s imp l i fy  the  
o v e r a l l  o p e r a t i o n  o f  t h e  p i l l  a p p l i c a t i o n .  Such a p i l l  w a s  
des igned  and t e s t e d  i n  Janua ry ,  1986. A t  p r e s e n t  a l l  i n d i c a t i o n s  
a r e  t h a t  i t  should  be  p o s s i b l e  t o  u s e  the format ion  ca lc ium as  a 
s o u r c e  o f  ca lc ium t o  p r e c i p i t a t e  t h e  c a l c i u m - i n h i b i t o r  s a l t ,  b u t  
the  f low back d a t a  i s  s t i l l  b e i n g  ana lyzed  and w i l l  be r e p o r t e d  
i n  a f u t u r e  p r e s e n t a t i o n  and r e p o r t .  
Mason Tomson 
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'MASON TOMSON - P R I N C I P A L  I N V E S T I G A T O R  
* * P . C .  sUNDARESWARAN(sUNDAR) - RESEARCH ASSOCIATE 
Q U E S T I O N :  E S C A L E  DOES FORM I N  T U B I N G ,  HOW F A S T  M I G H T  I T  
FORM? 
MAKE T H E  F O L L O W I N G  A S S U M P T I O N S :  
1. 5000 BPD: 212'F; 2.5 1 N  ID T U B I N G ;  D E N S I T Y  = 3.00 
G / C M ~ ;  100 F T .  AT TOP IS SCALING; SINGLE PHASE 
L A M I N A R  FLOW; 700 M G / L  T c A  I N . B R 1 N E .  
2 .  R E A C T I O N  IS MASS TRANSPORT L I M l T E D  AND I S  A T  S T E A D Y  
S T A T E .  
COUT = cIN/1.03 OR 3% OF T C A  P R E C I P I T A T E S .  
K M  = 0.005 CM/SEC.  MASS TRANSPORT CONSTANT FROM 
S l E D E R  AND T A T E  FORMULA 
A = AREA OF P I P E  
Q = FLOW R A T E  
RE, SE = REYNOLDS, S C H M I D T  NUMBERS 
D,L = T U B I N G  D I A M E T E R  AND L E N G T H  
D = MOLECULAR D I F F U S I O N  C O E F F I C I E N T  A T  1. 
AT E N D  OF 2 WEEKS: 
1.0 IN 0.3 IN 123 LBS c A c O j / l O O  F T .  
R A D l U S  723 G A L  OF 15% HCC 
1700/2 WEEKS OR f 1 8 , 2 0 0 / Y E A R  
vs: (2-4) INH. S Q U E E Z E S / Y R  a S ~ O , O O O / E A C H  
S C A L I N G  AND I T S  REMOVAL O R  P R E V E N l I O N  I N  THE HIlCHCOCK t I F 1  D 
( P R E T S ,  D E L E E  AND THOMPSON TRUST E €  WE1 I-S) 
A .  S T A T E M E N 1  OF P R O B L E M  
B .  L A B O R A l O R Y  S T U D I E S  - S I M U L A T I O N  O F  INHIBITOR 
SQUEEZE 
c .  C A L C U L A T I O N S  - AS1 AT DIFFERENT D E P I H S  
D .  A P P R O A C H E S  TO S O L U T I O N  
1. 1 N H I B I 9 O R  S Q U E E Z E  
2. A C I D I Z I N G  E V E R Y  TWO WEEKS 
E .  RELATIVE E C O N O M I C S  O F  T H E  1 W O  PR0CEL)URF.S 
F .  S U G G E S T E D  A P P R O A C H  TO P R E S E N I  A N D  F U I I J R E  WORK 
A .  S T A T L M E N T  OF P R O B L E M  
1. P R O D U C I  I O N  OF N A T l J R A L  G A S  F R O M  G E O P R E S S U H E D  
W E L L S  A S S O C I A T E D  W I l H  PRODUCT I O N  O F  L A R G E  
Q U A N T I H I E S  OF B R I N E .  
2. C H L O R I D E  (CL-1, S O D I U M  ( N A T ) ,  C A L C I U M  
( C A + ~ ) A N D  BICARBONAI  E (HCor) MAJOR 
CONS711UENrS O F  B R I N E .  
3 .  M E I H A N E  ( C I 1 L O  A N D  C A R B O N  D I O X l U t  ( C O z )  
C O N S T I T U I E  1 H E  G A S  P H A S E .  
1. AS c02 F L O W S  OUT OF T H E  W E L L  I T S  C O N C E N I R A I I O N  I N  
S O L U T I O N  D E C R E A S E S  W H I C H  R A I S E S  7 H E  P H ,  
2 .  H I G H E R  PH C A U S E S  HCO3 7-0 B E  C O N V E H l E D  C A R B O N A l t ,  
C O j  -2 W H I C H  I N C R E A S E S  C H A N C E S  F O R  S C A L E  
F O R M A T L O N .  
.,. 
B .  L A B O R A T O R Y  S T U D I E S  - S I M U L A T I O N  O F  I N H l B I  TOR SQIJEELE 
S C A L E  F O R M A T I O N  C A N  B E  P R E V E N T E D  B Y  USE. O F  
I N H I B I T O R S  T O  I N l E R A C T  W I T H  N U C L E I  T H E K E B Y  
P R E V E N T I N G  I T  F R O M  F O R M I N G  C A C O 3  S C A I L E .  
2 0 -  
1 
v 1 5  I 
IN H IR IT OR S QUE E 2 E SI M UL A T  ION 
Delee No. 1 
P h o s o h o n a l e  
1 U C a C I 2  O v e r f l u s h  
c 
L a 
0.5 
0 
l n j e c l ~ o n  - 
Column Section 
F i  1 
9-6 
9-3 .  I n h i b i t o r  squeeze s i m u l a t i o n  i n  r o c k  f r o m  Oelee No. 1 w e l l  u s i n g  
G y p t r o n  T-132 phosphond te .  The e f t e c t  O F  CaCI2 o v e r t l u s h  i s  n o t  
l a r g e ;  t h i S  i s  because t h e r e  i s  Some c a l c i u m  p r e s e n t  i n  t h e  r o c k .  
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INHIBITOR SOUEE Z E SIMULATION 
Oelee No 1 
0 8  Phosphate E s t e r  
0 6  
0.4 
0.2 
0 
N a C l  O v e r f l u s h  a 
.... 
Overflush 0 
p '3 S P H A T E E S T E R 
I 
.... 
0.2 
0 1 
2 3 4 5 6 7 8 9 1 
In ject ion - - F l o w b a c k  Column Section 
F i g u r e  9-4. In h i b i t o r  s q u e e z e  s i m u l a t i o n  in rock f r o m  t h e  D e l e e  No. 
using N u t r o  S-21 P h o s p h a t e  Ester/Phosphate inhibitor. 
o f  C a C I z  i s  n e g l i g i b l e .  
is a s  p h o s p h a t e  indicating d e c o m p o s i t i o n  o f  t h e  p h o s p h d t e  e s t e r .  
1 well 
T h e  e f f e c t  
M o s t  0 1  t h e  residual i n h i b i t o r  pre5ent 
INt-ilL~ll OR SOUEEZE SMULATON 
3 0-  Dele8 No. 1 - D e q u e b l  2 0 0 0  Pho8phonato 
NmCl O v o r f I u 8 h  
1 5  
2 . 0  
1 . 5  
1 .o 
0 5  
0 
1 7 
Column Section Intectlcjn - 
F i g u r e  9 - 5 .  I n h i b i t o r  squeeze s i m u l a t i o n  i n  r o c k  f r o m  De lee  No. 1 w e l l  u s i n g  
Dequest  2000 phosphona te .  
s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  NaCl o v e r f l u s h ,  due t o  t h e  
p r e s e n c e  o f  c a l c i u m  i n  t h e  r o c k .  
l h e  e f f e c t  o t  C a C 1 3  o v e r f l u s h  i s  n o t  
0. 
68. 
141. 
215. 
291. 
367. 
443. 
519. 
595. 
670. 
' I  4 6 
820. 
1116. 
1405. 
1689. 
1843. 
2119. 
2391. 
2659. 
31 82. 
3691. 
4189. 
4677. 
5156. 
5628. 
6093. 
6555. 
701 7 ., 
7474. 
7928. 
8379. 
882 1 .  
8990. 
19s. 
195. 
195. 
195. 
196. 
196. 
196. 
196. 
196. 
196. 
197. 
197. 
197. 
198. 
199. 
199. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
212. 
213. 
214. 
1 ;!5. 
150. 
175. 
200. 
225. 
250. 
2l5. 
300. 
325. 
350. 
375. 
400. 
5 00 
600. 
-1 00 . 
7 5 5 . 
8ti5. 
955. 
1055. 
1255. 
1455. 
1655. 
1855. 
2055 .  
2255. 
2 4 5 5 .  
2 6 S 5 .  
2855. 
3055. 
3255. 
3455. 
3655. 
3 12!8. 
- . ,. . .. . - . . . . . 
1.481 
1.400 
1.332 
1.272 
1.233 
1.185 
1.142 
1 .lo2 
1.065 
1.031 
1.013 
.983 
.879 
.806 
:146 
.709 
.64 7 
.606 
.569 
.492 
.a2 7 
.370 
.319 
.274 
.232 
.194 
. 1 5 9  
.126 
.096 
.067 
.026 
.ooo 
.ooo 
a smal l  i n j e c t i o n  t u b i n g  i n t o  t h e  w e l l  a t  one t o  two ttiouscind F e e t  ctnci 
i n j e c t  i n h i b i t o r .  Th is  would p o s s i b l y  p r e v e n t  dll scale i n  t h e  t u b i n g  and 
t h e  s u r f a c e  equipment,  i t  a l l  t h e  a n a l y s e s  a r e  c o r r e c t .  As c a n  be seen 
from d a t a  i n  T a b l e  5-7, s c a l i n g  does n o t  o c c u r  a s  much d t  lOOO-%OOO tt d s  
between t h e  s u r f a c e  arid 1000 f t .  
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INHIUITOR SOUEEZC 
PFiCTS No 1 
Md). 1965 
F i g u r e  5 - 5 .  E f f e c t  o f  i n h i b i t o r  squeeze on b r i n e  c h e m i s t r y  a t  two 
H i t c h c o c k  F i e l d  w e l l s .  A = P r e t s  No. 1 ;  B = lhompson T r u s t e e  
No. 1 .  Samples were t a k e n  t h e  day  b e f o r e  t h e  w e l l s  were 
c l e a n e d  w i t h  a c i d ,  squeezed w i t h  d Phosphate E s t e r  i n h i b i t o r  
( N u t r o  Su21) .  and s h u t  i n  f o r  d b o u t  two d d y s .  Most o f  t h e  
i n h i b i t o r  dppears  t o  have decomposed t o  o r t h o p h o s p h d t e .  
Ana lys i s  o f  Samples Taken Dur ing A c i d i r i n g  A t  P r e t r  # l  O n  
January 20 , 1986 
N o r m a l i t y  o f  15% H C l  used = 4.66 
Ca Fe A c i i d i  t y  T o t a l  
Samp 1 e M M N N* 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
0.02 
0.05 
0.40 
1.62 
1 .50 
1.76 
1.66 
1 .60 
1 .61  
0.085 
0.023 
0.62 
0.77 
0.64 
0.72 
0.81 
1.51 
1 .so 
1.43 
0.50 
0.01 
0.01 
0.0006 
0.0114 
0.16 
0.207 
0.23 
0.23 
0.235 
0.36 
0.29 
0.0125 
0.00076 
0.128 
0.130 
0.171 
0.1 73 
0.191 
0.243 
0.243 
0.214 
0.109 
0.0014 
0.004 
0.006 
0.022 
0.13 
0.48 
0.58 
0.50 
0.46 
0.52 
0.48 
0.30 
0.012 
0.26 
0.26 
0.38 
0.30 
0.42 
0.62 
0.63 
0.66 
0.:31 
0.036 
0.012 
0.0472 
0.145 
0.45 
4.13 
4.04 
4 .47  
4 . 2 5  
4.44 
4.40 
0.495 
0.0595 
1 . I 5 7  
2.061 
2.003 
2.086 
2 . 4 7 2  
4.246 
4.1 16 
3.949 
1 . 5 2 8  
0 .059 
0.0329 
*To ta l  N = 2(Ca,M) t 2(Fe,M) t A c i d i t y ,  N 
E.  R E L A T I V E  E C O N O M I C S  O F  1 H E  TWO P R O C E D U R E S  
1. I N H I B I - r O R  S Q U E E L E  - F O U R  J O B S  PER Y E A R  A 1  
$10,000-$15,000; E A C H  J O B  - rS40,000-~60,000 A 
Y E A R .  
2. A C I D I Z I N G  - A B O U T  $700-rS1000 E A C H  J O B  E V E R Y  
TWO W E E K S ;  $18,000-226,000 A Y E A R .  
F .  S U G G E S T E D  APPROACH T O  P R E S E N T  ANI) FUTUR’E WORK 
1. 
2 .  
3 .  
4 .  
5 .  
A D J U S T  P R O D U C T I O N  PARAME I ‘ERS T O  A V O I D  S C A L E .  
L A R G E R  P R O D U C T I O N  T U B I N G  T O  A V O I D  P R E S S U R E  
D R O P  DUE T O  F R I C T I O N A L  L O S S E S .  
P E R I O D I C A L L Y  REMOVE S C A L E  WX7H COFlROSION 
I N H I B I T E D  15% H Y D R O C H L O R I C  A C I D .  
S Q U E E Z E  S C A L E  I N H I B I T O R  I N T O  FORMA1 I O N .  
U S E  DOWN HOLE T R E A T  S T R I N G  T O  I N J E . C l  S C A I - E  
I N H I B I T O R S  J U S T  A B O V E  FHE P A C K E R .  
5. F I E L D  S T U D I E S  
5.1 GLADYS MCCALL WELdL 
Samples were collected from the well using the new collection 
techniques: brine is flowed through a coil of tubing in an ice bath to cool it 
and bubbled with 100% COZ as it is collected. These samples with no inhibitor 
added remain stable if stored in a refrigerator. These stabilized samples will 
be used in laboratory studies. 
5.1.1 I N H I B I T O R  SQUE€ZE 
An inhibitor squeeze was attempted at the Gladys McCall No. 1 well in 
May. It was not successful because the pill fluids could not be pumped into the 
formation. The details o f  this procedure are outlined in Figure 5-1. It is 
believed that the formation of calcium-inhibitor salts and/or iron oxides 
downhole or in the surface storage tanks caused the problems. These 
particulates formed due to contaminated fluids used to prepare the pill. Some 
useful information was obtained from this failed test, however, as outlined in 
Figure 5-1. The size of the mixing front between the pill and the formation 
brine was estimated from the salinity data (Figure 5-2), which clearly shows the 
transition from 150,000 mg/l salinity in the pill t o  100,000 mg/l in the 
formation brine. The zone of mixing was determined t o  be about I00 barrels f o r  
this small pill. From this data the formation dispersivity was determined by 
numerical simulation to be about 0.1 ft. The phosphondte datd (Figure 5.2) is 
much as expected: a large portion o f  the injected inhibitor returns almost 
immediately, followed by a period O F  lower levels o t  inhibitor for a longer 
period o f  time. 
5 - 2  
1. Plan 
41 
Ac id i ze  'tubing 
In jec t  - 2 BPM 
Shut in 2 4  hrs.  
F l o w  - 4000 BPD - 2 d a y s  
Flow - 2 5 . 0 0 0  BPD 
2 7  0 
396 Inh in 
15% NaCl  
A l l  8 1  160'F 
2. Results 
1 Found 400 ppm Ca 6 8 ppm F e  in br ine  
2. 300 0 N a C l  in jecred .  l i t t l e  r e s i s t a n c e  
3 .  27  B pill i n jec led .  p r o d u c e d  la rge  res i s tance  to  Pumping 
4. F low .- 12 .000 BPD l o r  8 hrs. 
5 .  6 %  pil l t r ied ,  turbid ' d i s c a r d e d  
6. Another  2 5  B 6% pill p repared.  OK 
7 
8 2 5  p ~ i i  n lec ted .  res i s tance  
9. Shut in  for 24  h r s  
10. F low dl  4000 BPD lor 4 8  h r s  
1 1  F low a t  15.000 BPD 
12.  N e w  pi l l  p lanned 
1 0 0  B NaCl sDacer i n j e c t e d  w i th  considerable re! , is tance 
3. Conclusions 
1. 
2. 
3. 
4. 
5. 
0 
M i r i n g  f ron t  s ize  deduced  
C lean br ine en ters  fo rma t ion  w i t h  llltle r e s i s t a n c f ~  
F e O ,  ana Ca-lnh prec ip t ta l i on  were  sources  of p rob lems  
Inhibitor v s  ( low resu l t s  
New a t remot  : 
Format ion  
br ine  
0 
F i g u r e  5 - 1 .  I n h i b i t o r  Squeeze Regime Gladys M c C a l  1 N o .  1 
150  r 
i 
W 
C 
0 
2z 
v) 
0 
f 
0- 
- 
a 
50 
II\IHIBITOR SQUEEZE 
Gladys  McCall No. 1 
M a y  1985 
Phosphonate \ L I Salinity F o r m a t i o n  Brine 
Brine I 
I 
0 500 I000 
Flow (barrels) 
1500 
F i g u r e  5 - 2 .  R e s u l t s  o f  a t t e m p t e d  i n h i b i t o r  squeeze t r e a t m e n t  a t  t h e  
T e c h n a d r i l  F e n i x  & Scisson/DOE Gladys McCal l  No. 1 w e l l .  
S a l i n i t y  c u r v e  shows m i x i n g  o f  i n j e c t e d  p i 1 1  ( s a l i n i t y  - 
150,000 ppm) w i t h  f o r m a t i o n  b r i n e  ( s a l i n i t y  = 100,000 ppm). 
Phosphonate c u r v e  shows s h o r t  p e r i o d  of  e f f e c t i v e  
i n h i b i t i o n .  
5 -4 
Th is  i n f o r m a t i o n  was used t o  p l a n  t h e  p i l l  which was a p p l i e d  i n  June, 
1985. The es t ima ted  s i z e  o f  t h e  m i x i n g  f r o n t  o r  d i s p e r s i v i t y  a l l owed  t h e  use o f  
s m a l l e r  sodium c h l o r i d e  spacers and a s m a l l e r  c:alcium c h l o r i d e  o v e r f l u s h .  
S t r i n g e n t  s p e c i f i c a t i o n s  were p laced  on a l l  t h e  f l u i d s  t o  be used f o r  t h e  p i l l  
t o  p rec lude  t h e  p o s s i b i l i t y  o f  C a - i n h i b i t o r  o r  i r o n  o x i d e  p r e c i p i t a t i o n .  F l u i d  
p r e p a r a t i o n  was mon i to red  t o  ensure t h a t  s p e c i f i c a t i o n s  were met. 
D e t a i l s  o f  t h e  i n h i b i t o r  squeeze procedures a r e  d i scussed  i n  t h e  
a t tached  d a i l y  t e s t i n g  r e p o r t  f rom Technadr i l -Fen ix  & 'Scisson. See Appendix B .  
Most o f  t h e  f l u i d s  were s u c c e s s f u l l y  pumped i n t o  t h e  f o r m a t i o n .  The w e l l  was 
s h u t  i n  f o r  24 hours  t o  enhance t h e  a d s o r p t i o n  and/or  p r e c i p i t a t i o n  of i n h i b i t o r  
i n  t h e  fo rma t ion .  F o l l o w i n g  t h e  i n i t i a l  48 hour  f lowback p e r i o d  a t  a r a t e  of 
2400 b a r r e l s  p e r  day ( b / d ) ,  t h e  p r o d u c t i o n  r a t e  was inc reased  t o  25.000 b /d .  
T h i s  r a t e  was ma in ta ined  f o r  2 5  days, then inc reased t o  31.000 b/d on J u l y  24 .  
A t  p resen t ,  based upon obse rva t i ons  o f  s u r f a c e  coupons and on t h e  absence of 
f r i c t i o n a l  p ressu re  l oss  i n  t h e  p r o d u c t i o n  t u b i n g ,  thei-e i s  no ev idence of 
s c a l i n g  i n  t h e  w e l l .  Trace phosphonate ana lyses  o f  t h e  most r e c e n t  b r i n e  
samples a r e  b e i n g  done now. Samples were taken  upon f lowback f o l l o w i n g  a 
r i g o r o u s  schedule,  so t h a t  d e t a i l e d  m i x i n g  i n f o r m a t i o n  c o u l d  be ob ta ined .  
N i n e t y - f i v e  samples taken d u r i n g  t h e  i n i t i a l  p i l l  flowback p e r i o d  (200 
t o  500.000 b a r r e l s  o u t )  were sen t  For  t r a c e  element a n d l y s i s .  Data show t h a t  
ove r  60% o f  t h e  i n h i b i t o r  was r e t u r n e d  immedia te ly ,  i n d i c a t i n g  a l i m i t e d  l i f e  
span f o r  t h i s  t rea tmen t .  See F i g u r e  5 -3 .  The remain ing  d d t d  was mode l led  u s i n g  
a numer ica l  s i m u l a t i o n  t o  de termine f l u i d  m i x i n g  i n  t h e  f o r m a t i o n .  T h i s  w o r k  
was done by Tom Clemo o f  Idaho N a t i o n a l  Eng ineer ing  Labora to ry  ( INEL), 
5-5 
Volume ot erne Produced (Barrels) 
F i g u r e  5-3.  T race  e lemen t  c o n c e n t r a t i o n s .  i n h i b i t o r  squeeze t r e a t m e n t ,  
Gladys McCa l l  No.  1 w e l l .  NH4 and P t r a c k  i n h i b i t o r :  
60% r e t u r n e d  b y  1,000 b a r r e l s  o u t .  Mg t r a c k s  p e r c e n t  o f  
f o r m a t i o n  b r i n e ;  domina tes  by 1,000 b a r r e s l  o u t .  Ca peak 
t r a c e s  CaCla o v e r l f u s h .  K peak may i n d i c a t e  i o n  exchange F o r  
Ca on c l a y s  i n  f o r m a t i o n .  Na t r a c e s  NaCl spacers r e l a t i v e  t o  
f o r m a t i o n  b r i n e .  
Idaho F a l l s ,  I D  (See Append x C). He f i t t e d  b o t h  a Gauss 
5 -6 
an and an i n t e g r a t e d  
L o r e n t z i a n  f u n c t i o n  t o  t h e  Mg da ta  f rom t h e  samples. I t  appeared t h a t  t h e  Mg 
da ta  were t h e  most reasonab le  t r a c e r  d a t a  i n  t h e  samples. The r e s u l t s  were n o t  
as un ique w i t h  respect: t o  t h e  c a l c u l a t e d  d i s p e r s i v i t y  as would be necessary t o  
do d e t a i l e d  des ign  o f  t h e  p i l l  regime. H o p e f u l l y ,  a b e t t e r  t r a c e r  can be added 
t o  t h e  n e x t  p i l l  t o  be used i n  t h e  subsequent m o d e l l i n g  e f f o r t s .  U n f o r t u n a t e l y ,  
i t  i s  i n h e r e n t l y  d i f f i c u l t  t o  g e t  un ique d i s p e r s i o n  i n f o r m a t i o n  f rom push-pu l l  
t e s t s  such as these.  A range o f  d i s p e r s i v i t i e s  f rom 0 .1  t o  3.0 f t  were t e s t e d  
f o r  t h e i r  e f f e c t  on t h e  m i x i n g  p r o f i l e  a l o n g  w i t h  d i f f e r i n g  l e a d  spacers and 
o v e r f l u s h  volumes. I t  i s  b e l i e v e d  t h a t  t h e  d i s p e r s i v i t y  f o r  t h e  f o r m a t i o n  i s  
p r o b a b l y  about  2 t o  3 f t .  I f  t h i s  i s  c o r r e c t ,  i t  shou ld  be p o s s i b l e  t o  do an 
i n h i b i t o r  squeeze w i t h o u t  t h e  use o f  any c a l c i u m  c h l o r i d e  o v e r f l u s h  t o  s e t  t he  
i n h i b i t o r  up as  an i n s o l u b l e  c a l c i u m  s a l t .  T h i s  would f a c i l i t a t e  t h e  use o f  
bayou wa te r  as t h e  background f l u s h  needed f o r  a squeeze, which would a l s o  c u t  
1s pump t i m e  c o s t s .  F u r t h e r  conversa t i ons  a r e  i n  progress; t o  f i n a l i z e  t h e  de ta  
o f  t h e  n e x t  squeeze. See Appendix C f o r  d e t a i l e d  i n f o r m a t i o n  on t h e  
c a l c u l a t i o n s .  Samples o f  s o l i d  m a t e r i a l  were found i n  t h e  f i l t e r s  a t  t h e  we 1 
d u r i n g  August. These 'were analyzed and found t o  be 2 9 . 7 % ~  Ca ( e q u i v a l e n t  t o  
7 4 . 3 % ~  CaC03),  2 . 6 4 % ~  i r o n .  and 0 . 3 3 % ~  phosphonate ( a s  A T M P ) .  
t h a t  t h i s  m a t e r i a l  had formed e a r l i e r ,  and was j u s t  r e c e n t l y  d i s l o d g e d  and 
caught  i n  t h e  f i l t e r s .  
It w a s  d e t e r m i n e d  
25.000-30.000 BPD o f  b r i n e .  Some s c a l e  b u i l d u p  had been n o t  
p o t s  j u s t  b e f o r e  t h e  d i s p o s a l  w e l l ,  b u t  about  0 . 1 3  ppm i n h i b  
t h e  b r i n e  immedia te ly  a f t e r  t he  t r e e  prevented  f u r t h e r  s c a l e  
s c a l e  f o r m a t i o n  is  n o t  t a k i n g  p l a c e  i n  t h e  p r o d u c t i o n  t u b i n g .  
p lanned f o r  t h e  end o f  January, 1986. 
As O F  31 December 1985. the  Gl'adys McCall  w e l l  was s t i l l  f l o w i n g  a t  
d i n  t h e  f i l t e r  
t o r  i n j e c t e d  i n t o  
I t  i s  c l e a r  t h a t  
A new squeeze i s  
IV. ADDITIONAL ACTIVITIES DURING THE PAST Y E A R  
i 
A .  BRINE CHEMISTRY KIT FROM LAMOTTE. 
A N  E A S Y  T O  U S E  K I T  TO MEASURE: 1) C A L C I U M  OR 
HARDNESS; 2)  A L K A L I N I T Y ;  AND 3 )  T O T A L  D I S S O L V E D  
S O L I D S  (TDS). EACH MEASUREMENT COSTS ABOUT 82.00 
A F T E R  PURCHASE O F  K I T  FOR S280.00. 
B. A N A L Y T I C A L  METHOD FOR LOW PHOSPHONATE I N H I B I T O R  
C O N C E N T R A T I O N S  I N  F I E L D  B R I N E S .  BY P U B L I S H E D  
METHODS T H E  LOWER L I M I T  OF PHOSPHONATE 
C O N C E N T R A T I O N S  I N  B R I N E S  W I T H  NUMEROUS TRACE 
E L E M E N T S  I S  ABOUT 0 .2  T O  0.5 M G / L .  I N H I B I T O R S  ARE 
O F T E N  E F F E C T I V E  DOWN TO 0 .1  M G / L .  AN E X T R A C T I O N  
AND REDUCTION METHOD H A S  B E E N  D E V E L O P E D  ro  M E A S ~ J H E  
- 
PHOSPHONATES I N  B R I N E  DOWN TO 0 .01 TO 0.02 M G / L .  
-- . . . . . . . 
C .  EFFECT OF MG~', SR2', BA2'AhlD SO:- ON 
I N H I B I T I O N  OF CACO3 P R E C I P I T A T I O N .  
THESE IONS ARE COMMONLY PRESENT I N  F I E L D  B R I N E S .  I T  
WAS KNOWN THAT THEY COULD AFFECT THE RATE AND COURSE 
OF C A C 0 3  P R E C I P I T A T I O N .  ALL EXPERIMENTS WERE D O N E  
AT 12o0C ( 2 4 8 O F ) .  2M SALT,  500 P S I ,  AND 7 . 5  
M L / M I N  FLOW RATE. THE I N H I B I T O R S  USED WERE DEQUEST 
2000 AND DE:QUEST 2010. STONTUIM, SR2+, WAS FOUND 
TO HAVE NO EFFECT UPON C A L C I T E  NUCLEATION.  ONCE THE 
INHIBITION LEVELS OF MG*+, BA*+ AND SO:- 
WERE ESTABLISHED,  THE I N H I B I T I O N  EFFECT UPON C A L C I T E  
NUCLEATION WAS E S S E N T I A L L Y  A D D I T I V E .  
D. INHIBITION OF CALCITE NUCLEATION W A S  STUDIED OVER A 
WIDE RANGE OF TcAZ+/TCOZ- RATIOS,  PH 'S  AND FLOW 
3 
RATES I N  ORDER TO CHECK THEORETICAL P R E D I C T I O N S .  
AGREEMENT WAS NEARLY Q U A N T I T A T I V E  OVER ALL 
VARIABLES,  G I V I N G  GREATER CONFIDENCE TO THE NOTION 
THAT 1 N H I B I T O R S  A R E  "PRETTY MUCH THE SAME" AND 
SHOULD BE PURCHASED ON A GENERIC B A S I S  CONSIDERING 
SUCH THINGS AS COST, SERVICE,  S T A B I L I T Y  AND OVERALL 
SYSTEM C O M P A T A B I L I T Y .  
E.  I N H I B I T I O N  OF C A S 0 4  NHZO NUCLEATION CALCIUM 
SULFATE IS THE SECOND MOST COMMON SCALE COMPONENT 
IN GAS AND OIL PRODUCTION. TECHNIQUES H A V E  BEEN 
DEVELOPED TO STUDY THE I N H I B I T I O N  OF C A S 0 4  NH20 
NUCLEATION I N  THE LABORATORY AT H I G H  T,  P, AND TDS 
AND AT L I N E A R  FLOW RATES T Y P I C A L L Y  ENCOUNTERED. 
I N I T I A L  RESULTS HAVE N Q I  CONFORMED WITH ELEMENTRY 
NUCLEATION I N H I B I T I O N  THEORY, AND AS T I M E  PERMITS 
A D D I T I O N A L  T E S T I N G  AND THEORET'ICAC WORK ARE PLANNED. 
F .  P O R O S I T Y  L O S S  V S .  R A D I A L  D I S T A N C E  I N F O R M A T I O N .  
-SUGGESTED B Y  L O N N I E  ANDERSON OF E A T O N  O P E R A T I N G  
COMPANY - AN A N A L Y T I C A L  S O L U T l O N  OF T H E  R A T E  OF 
P O R O S I T Y  L O S S  N E A R  W E L L  BORE AS A F U N C T I O N  OF 
R A D I A L  D I S T A N C E ,  FLOW RATE:. AND H Y D R A U L I C  
C O D U C T I V I T Y  H A S  B E E N  COMPLETED AND R!ESULTS A P P E A R  
T O  B E  R E A S O N A B L E .  
MOST P L U G G I N G  OCCURS W I T H I N  1 T O  3 F E E T  OF T H E  W E L L  
BORE.  T H I S  I M P L I E S  T H A T  I F  I N H I B I T O R S  COULD B E  
SQUEEZED SO AS T O  S E T - U P  A T  GREATER T H A N  T H E S E  
D I S T A N C E S  FROM T H E  WELL ,  P O R O S I T Y  L O S S  M I G H T  B E  
P R E V E N T E D  W H I L E  I N H I B I T I N G  W E L L  S C A L I N G .  
G. P R E C I P I T A T I O N  K I N E T I C S  OF FERROUS CARBONATE,  
S I D E R I T E  ( F E C O J ) .  A M I X E D  F E C 0 3 / C A C 0 3  
M A T E R I A L  MAY B E  A B E T T E R  MODEL OF W E L L  BORE S C A L E  
T H A N  C A L C I T E .  A L S O ,  F E C O j  M I G H T  B E  E F F E C T I V E  AS 
A C O R R O S I O N  I N H I B I T I O N  AGENT I N  H I G H  C O 2  W E L L S  
(SUGGESTED EIY A .  K .  D U N L A P  OF S H E L L  D E V E L O P E M E N T ) .  
I T  A P P E A R S  T H A T  T H E  P R E C I P I T A T I O N  ANI) P R E C I P I T A T I O N  
K I N E T I C S  OF F E C O j  MAY B E  Q U I T E  D I F F E R E N T  FROM 
CACO3; CONTRARY T O  E X P E C T A T I O N .  
V. I M M E D I A T E  D I R E C T I O N S  
A .  
B. 
C. 
D. 
MONITORING GLADYS MCCALL WELL AND HITCHCOCK 
W E L L S  AND PORT ARTHUR W E L L S .  
F A T E  OF I N H I B I T O R S  I N  F O R M A T I O N S  AND F O R M A T I O N  
M A T E R I A L S .  
C O R R O S I O N / S C A L E  R E L A T I O N S H I P .  
C O M P L E T E  THEORY OF I N H I B I T I O N .  
D. APPENDIX 4 
GLADYS McCALZ, WELL MEASUREMENTS 
INCLUDING CISCUSSION AND CONCLUSIONS 
P. RANDOLPH/T. OSIF - IGT 
GLADYS McCALL WELL 
P.L. Randolph 
Institute o f  Gas Technology 
This presentation consists of seven ( 7 )  p lo ts  that por t ray  the production 
h is tory  o f  sand #8. Significant points to  be made are: 
I .  k i n e  ra tes  previously repor ted were at separator pressure and 
temperature. The values shown a re  l o w e r  due t o  correct ion to  stock tank 
conditions of  60 Deg F and atmospheric pressure.  
2 .  Since the middle of the 2nd quar ter  o f  1984, the high pressure separator 
has been operated at 1000 psi  to dr ive the gas sales l ine without 
compression. Gas f r o m  the low pressure separator i s  compressed to  sales 
pressure. With the exception of  t imes when the disposal w e l l  mandated 
higher presssure, the 2nd stage separator pressure has been the lowest 
value that would keep COa content o f  gas sold helow the huyers specification 
o f  10%. 
3. Total produced gaslbr ine ra t i o  has been estimated by adding IGT's 
calculation o f  gas remaining in br ine to  t he  disposal w e l l  t o  the gaslbr ine 
rat ios fo r  the two separators. The plot ted resu l t  shows an average of  about 
25 SCF/STB fo r  the ent i re production history.  The minor variations do not 
cor re le te  with other production parameters in a consistent manner. 
4. Scaling in the production tubing v a s  a major factor p r i o r  to the middle of 
the 4th quar ter  o f  1984. This i s  opparent from the fa l lo f fs  in wellhead 
pressure and br ine ra te  that were much greater than since the successful 
use o f  inhibitor squeezes. 
5. Ignoring the erroneous values due to scale in the tubing, ICT's 
calculation o f  bottomhole flowing pressure indicates that the current  value 
o f  about 9200 psia i s  the lowest that has been achieved to  date fo r  the well. 
This i s  very  near to the bubble point determined in laboratory  PVT work by 
Weatherly Laboratories(The BHP calculation was ver i f ied to  be within 20 ps i  
by comparison w i th  the value measured at a 10,000 bpd flow r a t e  in 
January, 1986 ). 
6. The NGL content of  gas f r o m  the f i r s t  stage separator has been 
conslstently about 0.94 Cial/MCF f o r  most o f  the l i f e  o f  the test. This 
fur ther  suggests that a significant por t ion of  the rese rvo i r  has not yet been 
d ravn  down t o  below the bubble point. 
7. Evidence that the reservo i r  was 
pressure i s  becoming increasingly strong. 
saturated with gas at the original 
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HOURS SINCE 00:00 ON 2/8/86 
Figure 1. T o t a l  Produced Gas Hydrocarbon Ra t ios  Versus T i m e  
The peak i n  a l l  t h e  hydrocarbon r a t i o s  ( i . e . ,  t h e  change i n  t o t a l  gas  
composi t ion) ,  a t  about hour 8 4 (which is 12 noon 2/11/86) shows t h a t  a small 
amount of f r e e  gas  was produced f o r  an hour or two a f t e r  t he  b r i n e  rate was 
inc reased  from about 23,000 t o  about 28,500 BPD. 
by the  rate i n c r e a s e  allowed t h e  f r e e  gas near  the wel lbore t o  expand above 
c r i t i c a l  gas s a t u r a t i o n  and flow. A s  t he  f r e e  gas was produced, t h e  gas  
s a t u r a t i o n  decreased and f r e e  gas product ion ceased. This shows t h a t  the nea r  
we l lbo re  r e s e r v o i r  was drawn down below t h e  bubble point  sometime p r i o r  t o  
2/11/86. Use of a computer program developed by IGT t o  c a l c u l a t e  i n s i d e  
c a s i n g  BHP from s u r f a c e  measurements shows t h a t  t he  lowest p re s su re  reached 
be fo re  the  above mentioned rate i n c r e a s e  was 9525 p s i a  reached on 1/2/86. 
This  is t he  f i r s t  evidence t h a t  t he  nea r  wel lbore r e s e r v o i r  has been drawn 
down below t h e  bubble po in t .  PVT work p red ic t ed  a bubble point  of 9200 p s i a .  
The decrease i n  BHP caused 
30 
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Figure 2. Flow Rate and High P r e s s u r e  Sepa ra to r  GWR 
This shows a computer generated p l o t  of computer co1:lected and c a l c u l a t e d  
d a t a  made p o s s i b l e  by t h e  computer system i n s t a l l e d  by IGT (Note t h a t  t h e  f low 
rate  recorded i n  SEPB/D was converted t o  STB/D by t h e  computer). 
84, t h e  computer system was r eco rd ing  averaged d a t a  eve ry  two minutes. 
t h a t  t h e  f r e e  gas  product ion w a s  so small t h a t  i t  c a n ' t  bo seen looking a t  t h e  
GWR i n  F igu re  2; however, t h e  change i n  composition technique shown i n  Figure 
1 is so s e n s i t i v e  t h a t  t h e  f r e e  g a s  product ion i n  q u i t e  obvious. 
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WEEKS SINCE DEC 1, 1983 
F i g u r e  4. Br ine  Analyses 
The a n a l y s e s  done about  week 107 were done by IGT. The rest where done by SCAN. The a l k a l i n i t y  
SCAN and IGT u s e  t h e  same measurement technique and t h e  v a l u e  measured by 
measured by IGT w a s  measured on s i te  soon a f t e r  t h e  b r i n e  sample was taken. 
a l k a l i n i t i e s  measured by SCAN. 
IGT is  i n  e x c e l l e n t  agreement w i t h  t h e  va lues  obtained u s i n g  t h e  o p e r a t o r  used c o l o r i m e t r i c  technique 
developed by Rice Unive r s i ty .  The change i n  a l k a l i n i t y  i s  probably due t o  changes i n  s c a l i n g  a n d l o r  
s c a l i n g  t reatment .  
measured t h e  h ighe r  v a l u e s  sugges t s  t h a t  t hey  are c o r r e c t .  It i s  conceivable  t h e  IGT Ba i s  due t o  
p a r t i c l e s  of barium s u l f a t e  so small t h a t  t hey  g e t  through 0.47~) f i l t e r s ,  but  t h i s  i s  h i g h l y  u n l i k e l y .  
The i n i t i a l  ammonium c o n c e n t r a t i o n  was greater than  t h e  o t h e r s .  
It is g r e a t e r  t han  t h e  
The l a s t  two Ba measurements are g r e a t e r  t h a n  t h e  o t h e r s .  The f a c t  t h a t  both l a b s  
The reason i s  unknown a t  t h i s  time. 
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Figure  5. Cryocondensate and Heavy O i l  Product ion 
The heavy o i l  has  a l s o  been c a l l e d  p a r a f f i n i c  and a l i p h a t i c  o i l .  It w a s  f i r s t  found as a s e p a r a t e  
The cryocondensate i s  aromatic  hydrocarbons condensed phase i n  t h e  h igh  p r e s s u r e  s e p a r a t o r  on 1/19/85. 
from t h e  h i g h  p r e s s u r e  s e p a r a t o r  g a s  a t  d ry  i c e  temperature.  
p l o t  are due t o  t h e  measurement technique. The dec rease  i n  t h e  % cryocondensate occur r ing  between weeks 
56 t o  74 ( d u r i n g  cont inuous heavy o i l  p roduc t ion )  i s  due t o  an i n c r e a s e  i n  in t e rmed ia t e  a l i p h a t i c  
hydrocarbons (Cg-Cl3) t h a t  were produced wi th  t h e  a l i p h a t i c  o i l .  
i n d i c a t e  t h a t  t h e  heavy o i l  p roduc t ion  began between those  times. The dec rease  a t  week 96 sugges t s  t h a t  
heavy o i l  was being produced a t  t h e  t i m e ,  bu t  i t  was c o l l e c t e d  and measured la te r .  The i n c r e a s e  a t  week 
102 o c c u r r i n g  on a s p i k e  of heavy o i l  p roduc t ion ,  sugges t s  t h a t  t h e  heavy o i l  was a c t u a l l y  produced 
ea r l i e r  than  i t  w a s  c o l l e c t e d  and measured. IGT has  requested t h a t  s t inger  tubes  be placed i n  t h e  
s e p a r a t o r s  and v a l u e s  be p l aced  on t h e  s i g h t  g l a s s e s  s o  t h a t  they can be blown out .  
made and should h e l p  improve heavy o i l  measurements. 
A t  l e a s t  p a r t  of t h e  s p i k e s  i n  t h e  heavy o i l  
The dec rease  between weeks 51.4 t o  56 
These changes were 
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Figure  6. C a p i l l a r y  Column GL Analyses of L-quid Hy,rocarbons 
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For each sample, each carbon number has  more is0 + cyc loa lkanes  than  n alkanes.  The low p r e s s u r e  
s e p a r a t o r  a n a l y s i s  shows t h a t  a t  l e a s t  some of t h e  heavy o i l  i s  being c a r r i e d  o u t  of t h e  h igh  p r e s s u r e  
s e p a r a t o r  by t h e  b r ine .  
are l e a v i n g  t h e  h igh  p r e s s u r e  s e p a r a t o r  as gas. 
carbon numbers) t han  t h e  s e p a r a t o r  samples and c o n t a i n s  more aromatics .  
from t h e  c o o l e r  knock o u t  be c o l l e c t e d  i n  a t ank ,  t h e  l i q u i d s  went unmeasured down t h e  d i s p o s a l  w e l l .  
I n i t i a l  measurements a f t e r  t h e  tank w a s  i n s t a l l e d  i n d i c a t e  t h a t  l i q u i d  hydrocarbon recovered from t h e  
knock o u t  I s  about t w i c e  t h a t  recovered from t h e  s e p a r a t o r .  
i s  l i g h t e r  t han  t h e  rest and i s  very h i g h l y  aromatic .  
The a n a l y s i s  of t h e  sample from t h e  gas c o o l e r  knock o u t  shows t h e s e  hydrocarbons 
As expected,  t h i s  sample i s  l i g h t e r  (more of t h e  lower 
U n t i l  IGT asked t h a t  t h e  l i q u i d s  
The l i q u i d  hydrocarbons from t h e  g l y c o l  u n i t  
-=. CONQJUSIONS ---v-.------ ABOUT GLADYS MCCALL 
The aromatic hydrocarbons are d isso lved i n  the b r i n e  i n  the 
reservo i r 
The amount o f  aromatic hydrocarbons dissolved i n  the b r i n e  
changes w i t h  l oca t i on  i n  the reservo i r ,  
The heavy o i l  e x i s t s  i n  the reservo i r  as a separate phase, 
I t i s  no t  d isso lved i n  the b r i n e  nor is i t s  source a 
f r e e  gas phase i n  the reservo i r ,  add i t i ona l  f low t e s t i n g  
i s  needed t o  study the heavy o i l  production,' 
The l i q u i d  hydrocarbons are d i s t r i b u t e d  through the surface 
hardware, I n i t i a l  measurements i nd i ca te  t h a t  more l i q u i d  
hydrocarbons are recovered from the gas cooler knockout 
than from the separator, 
The occasional ly produced heavy o i l  i s  the source o f  the 
C9 t o  C13 a l i p h a t i c  hydrocarbons co l l ec ted  i n  some o f  the 
cryocondensate samples , 
The changes i n  surface hardware i n i t i a t e d  by IGT w i l l  r e s u l t  
i n  b e t t e r  measurements o f  1 i q u i d  hydrocarbon product ion,  
The t o t a l  gas analyses done by IGT i s  a very sens i t i ve  
technique t h a t  shows t h a t  the near wel lbore reservo i r  was 
drawn down below the bubble p o i n t  p r i o r  t o  2/11/86, 
lowest i n  casing BHP calcu lated by IGT was 9525 ps ia  
occurr ing on 1/2/86, The bubble po in t  i s  higher than t h i s ,  
I G T  has a GC on s i t e  and can thus analyze samples soon 
a f t e r  c o l l e c t i o n ,  Also, using the same lab  is a good 
p rac t i ce  when r e s u l t s  are t o  be compared, Therefore, i t  
i s  recommended t h a t  IGT do f u t u r e  gas analyses, p a r t i c u l a r l y  
t o t a l  gas analyses, 
The 
IIc---.co CONCLUSIONS ABOUT GLADYS- MCCALL (CONTI,') 
* A gas phase now e x i s t s  i n  the near wel lbore reservo i r  a t  
c r i t i c a l  gas saturat ions when the reservo i r  is f low ing  a t  
about 30,000 BPD, 
* The t o t a l  gas composition should undergo very complex 
(thoush perhaps small 1 changes depending on past and 
f u t u r e  product ion procedures,' 
E. APPENDIX 5 
GEOLOGY OF GLACYS McCALL RESERVOIR INCLUDING CROSS SECTIONS 
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F. APPENDIX 6 
GLADYS McCALL RESERVOIR ANALYSIS 
INCLUDING DISCUSSIONS AND CONCLUSIONS 
D. KINEY - S-CUBED 
Gladys McCalI Reservoir  Analysis - March 1986' 
T .  D .  Riney 
P.O.  Box 1620 
La J o l l a ,  C a l i f o r n i a  92038 
S-CUBED 
1. Data Review and Analys is  
F igure 1 presents a summary o f  t he  product ion h i s t o r y  o f  the 
Gladys McCall No. 1 wel l  from Sand Zone No. 8 from the t ime o f  t he  
Reservoir  L i m i t s  Test through t h e  end o f  t h e  92-hour bu i ldup t e s t  i n  
January 1986. The depicted f l ow- ra te  h i s t o r y  has been used as input  
i n  r e s e r v o i r  s imu la t i on  s tud ies t o  be discussed l a t e r  he re in .  The 
wel l  has been s h u t i n  f o r  s e r i e s  of a c i d  t reatments f o r  sca le removal 
from t h e  tub ing  on f o u r  occasions. A f te r  two e a r l y  attempts t o  inh ib-  
i t  s c a l i n g  by i n j e c t i o n  o f  phosphonate i n t o  t h e  format ion were abor t -  
ed, successful " p i l l "  i n j e c t i o n  has been accomplished tw ice .  
F igure 2 shows t h e  we1 lhead (surface tubing) pressures recorded 
a t  07:OO hours from t h e  t ime o f  t h e  f i r s t  a c i d  t reatment through the  
end o f  t h e  92-hour bu i l dup  t e s t .  Examination o f  these data i n d i c a t e  
t h a t  i n j e c t i o n  o f  t h e  scale i n h i b i t o r  p i l l  causes an increase i n  t h e  
s k i n  f a c t o r .  I n  November 1984 t h e  wel l  was shut  f o r  approximately 57 
hours f o r  t h e  f i r s t  at tempt t o  i n j e c t  an i n h i b i t o r  p i l l  (Figure 2 a ) .  
Although t h e  product ion r a t e  both before and a f t e r  s h u t i n  was N 15,000 
B/D, t h e  sur face pressure a f t e r  t h e  wel l  was reopened was a c t u a l l y  
less than j u s t  p r i o r  t o  shu t in .  Since t h e  r e s e r v o i r  pressure c e r t a i n -  
l y  recovered s i g n i f i c a n t l y  du r ing  t h e  57-hour s h u t i n  per iod,  t h e  i n h i -  
b i t o r  i n j e c t e d  must have caused a.decrease i n  t h e  permeabi l i ty  o f  Sand 
Zone No. 8 near t h e  wel lbore.  The p i l l  i n j e c t i o n  attempt was aborted 
when t h e  incremental i n j e c t i o n  pressure exceeded 600 p s i .  The p i l l  
flowback contained s o l i d  p r e c i p i t a t e s  and format ion plugging was sus- 
pected a t  t h e  t ime.  
The data from t h e  second p i l l  at tempt more c l e a r l y  demonstrates 
an associated increase i n  the  s k i n  f a c t o r  (Figure 2b). I n  May 1985 
t h e  wel l  was shut f o r  approximately 120 hours wh i l e  an attempt was 
made t o  i n j e c t  an i n h i b i t o r  p i l l .  Although the  product ion r a t e  both 
before and a f t e r  s h u t i n  was 15,500 B/D, t h e  sur face pressure a f t e r  
t h e  we1 I was reopened was 200 p s i  less than j u s t  p r i o r  t o  s h u t i n .  
Over t h e  next  month t h e  surface pressure a c t u a l l y  increased even whi le  
drawdown cont inued. Apparently, t h e  f l ow  o f  t h e  b r i n e  through the  
format ion cleaned o u t  much o f  t h e  p r e c i p i t a t e s  i n  t h e  pores thereby 
recover ing t h e  near wel lbore pe rmeab i l i t y  t o  some ex ten t .  
*Summary of presentation at DOE/Industry/GRI Geopressured Industry 
F o r m ,  Houston, Tezas, March 4-5, 1986. 
-.. 
During January through March 1985 (5.8 < Q ( 7.4 sep bbls)  the 
Gladys McCall wel l  f lowed a t  a near ly  constant r a t e  of 
- 
q = 15,249 sep bbls/day 
The p l o t  o f  f low ing  surface p r  
(Figure 2a) y i e l d s  a l i n e a r  r e l a t  
from which we est imate (assuming 
s c a l i n g  o f  the  product ion tub ing  
t h a t  t h e  pressure loss i n  the  we1 
ssure versus Q aluring t i s  per iod 
semi-steady s t a t e  f low and t h a t  the  
dur ing t h i s  per iod i s  n e g l i g i b l e  so 
bore i s  constant.)  i s  
on w i t h  s lope 57.9 p s i / l O  1 sep bbls  
V p C ~  = 17,051 ces bbls /ps i  
I f  we take CT = 6.27 x 
pore volume I S  
psi-', then the  corresponding reservo i r  
Vp = 2.72 x lo9 res bb ls .  
We note t h a t  t h i s  est imate i s  c lose  t o  the  value Vp = 2.512 x lo9 bb ls  
employed i n  our s imu la t ion  o f  t h e  Gladys McCall r e s e r v o i r .  
The pressure bui ldup data measured dur ing  the  92-hour t e s t  o f  
January 1986 (Figurej3) a re  i n  exce l len t  agreement w i t h  the  data from 
t h e  79-hour t e s t  o f  A p r i l  1985. Both y i e l d  a reservo i r  t ransmiss iv i ty  
(kH) equal t o  about h a l f  t h e  value measured dur ing the  Reservoir 
L imits Test o f  November 1983. The reduct ion i n  t r a n s m i s s i v i t y  a t  the 
t i m e  o f  t h e  79-hour t e s t  i s  t o  p lugging sf about h a l f  the  
p e r f o r a t i o n s  i n  Sand Zone No. 8 i n  conjunct ion w i t h  ;3 shale s t r i n g e r ,  
i d e n t i f i e d  a t  a depth o f  15,365 . t o  15,369 f e e t .  The combination i s  
assumed t o  e f f e c t i v e l y  reduce the sand thickness i n  d i r e c t  
communication w i t h  the  wel lbore from 332 f e e t  a t  the  t ime o f  the  
Reservoir L i m i t s  Test, t o  the  upper 207 f e e t  at, t h e  t ime o f  the  79-hour 
t e s t .  
a t t r i b u t e d  
It appears t h a t  the  p lugging resu l ted  from i;he November 1984 
attempt t o  i n j e c t  a sca le i n h i b i t o r  p i l l  r a t h e r  than the  a c i d  t r e a t -  
ments. Table 1 compares t h e  estimates f o r  t h e  79--hour and 92-hour 
t e s t s  under the a l t e r n a t e  assumptions (H = 332 or 207 fee t )  w i t h  the 
r e s u l t s  o f  the  Reservoir L i m i t s  Test.  Under e i t h e r  assumption i t  
appears t h a t  the s k i n  fac to r ,  which had increased between the 
Reservoir L i m i t s  Test and 79-hour tes ts ,  had e s s e n t i a l l y  returned t o  
i t s  i n i t i a l  value by t h e  t ime o f  the  92-hour t e s t .  
2.  Reservoir Model and Simulated H i s t o r y  Match 
F igure 4 shows t h e  conceptual model t h a t  has evolved o f  the  re- 
s e r v o i r  produced by Sand Zone No. 8. I t  i s  assumed t h a t  crossf low 
from sands over ly ing/under ly ing Sand Zone No. 8 i s  t h e  cause o f  the 
observed pressure r e s e r v o i r  maintenance. The corresponding s i m u l a t i o n  
model f o r  t h e  Gladys McCall r e s e r v o i r  inc ludes  a sha le  s t r i n g e r  a t  t h e  
m idd le  o f  Sand Zone No. 8 (F igure  5 ) .  Since t h e  o v e r l y i n g  r e s e r v o i r  
volume shown i n  F i g u r e  5 can o n l y  supply recharge t o  Sand Zone No. 8 
by i n f l o w  beyond t h e  c o n f i n i n g  o v e r l y i n g  sha le  layer ,  t h e  model i s  
numer i ca l l y  e q u i v a l e n t  t o  t h e  s i m u l a t i o n  model shown i n  F igu re  6 .  
Th is  model w i t h  e l a s t i c  rock p r o p e r t i e s  and recharge from a "remote" 
r e s e r v o i r  volume p rov ides  matches bo th  t o  t h e  bottomhole p ressure  data 
and t h e  p roduc t i on  data up t o  t h e  t ime  o f  t h e  92-hour t e s t .  
We no te  t h a t  t h e  va lue  o f  t h e  s k i n  f a c t o r  used i n  t h a t  t h e  
s i m u l a t i o n  update was changed f rom an i n i t i a l  va lue  o f  s = + 4 . 3  t o  a 
va lue  o f  + 7 .3  a t  t h e  t i m e  t h e  lower h a l f  o f  t h e  sand was plugged. 
There were no f u r t h e r  changes made i n  t h e  model; t h e  p roduc t i on  f l o w  
r a t e  was merely updated as  represented i n  F i g u r e  1. 
The agreement o f  t h e  s imu la ted  h i s t o r y  w i t h  t h e  downhole 
measurements f rom t h e  Reservo i r  L i m i t s  Tes t  (F igure  7) ,  t h e  79-hour 
bu i  ldup t e s t  (F igure  8) and t h e  92-hour bu i  ldup (F igure  9) i s  
e x c e l l e n t .  
The d i f f e r e n c e s  between measured values o f  t h e  pressure  a t  
we l l bo t tom and a t  t h e  wel lhead ( A p w ~  = p w ~  - PWH) a t  very e a r l y  t imes 
y i e l d  e s t i m a t e q f o r  t h e  h y d r o s t a t i c  p ressure  drop o f  Aph dr 6626 p s i  
(Reservoir  L i m i t s  Test) and Aph N 6600 p s i  (79-hour { e s t ) .  W i t h i n  
t h e  accuracy o f  t h e  da ta ,  if; ava i I ab1 e " instantaneous" s h u t i  n 
p ressu re  measurements a t  t h e  wellhead can be used t o  es t ima te  t h e  
cor respond ing  " instantaneous" we l lbo t tom s h u t i n  p ressures :  
N + 6626 p s i  . 
LPWB1 At = o+ [ p 4 t  = o+ 
F i g u r e  10 compares these es t imates  w i t h  t h e  we l lbo t tom pressure 
h i s t o r y  c a l c u l a t e d  u s i n g  t h e  s i m u l a t i o n  model updated through t h e  t ime  
o f  t h e  92-hour b u i l d u p  t e s t .  The s imu la ted  h i s t o r y  i s  seen t o  a l s o  
p r o v i d e  an e x c e l l e n t  match t o  these data-based b u i l d u p  pressures over 
t h e  e n t  i r e  p roduc t i on  h i  s t o r y .  
3.  Model P r e d i c t i o n s  
S ince  t h e  updated s i m u l a t i o n  model matches bo th  the 'bo t tomho le  
p ressure  t r a n s i e n t  data and t h e  su r face  b u i l d u p  pressure  data over t h e  
f u l l  p roduc t i on  h i s t o r y  o f  t h e  Gladys McCalI Well No. 1, i t  can be 
used w i t h  reasonable conf idence t o  p r e d i c t  f u t u r e  response. F igu re  10 
shows t h e  p r e d i c t e d  downhole p ressure  d e c l i n e  i f  t h e  p roduc t i on  r a t e  
were main ta ined f o r  s i x  months a t  a cons tan t  p roduc t i on  r a t e  o f  q = 
30,000 sep bbls/day w i t h o u t  regard  t o  t h e  d e c l i n i n g  su r face  pressure.  
Figure 11 presents the  r e s u l t s  o f  t h e  updated s imulat ion i n  a 
d i f f e r e n t  form. The 53 wellbottom pressures denoted by ( 0 )  i n  Figure 
11 are t h e  simulated "instantaneous" bu i ldup pressures a t  15,100 f e e t .  
These ca lcu la ted  values correspond t o  the 53 s h u t i n  per iods dur ing the 
simulated product ion h i s t o r y  (see F igure 1). The " instantaneous" 
values are  computed a t  A t  6 min. F igure 11 a l s o  shows the  predic ted 
wel lbot tom f low ing  pressures i f  the Gladys McCalI wel l  were t o  be 
produced subsequent t o  the  92-hour t e s t  a t  a const,ant r a t e  of  30,000 
sep bbls/day (denoted i n  F igure 11 by PWB flowing). We note t h a t  
a f t e r  s i x  months t h i s  curve has no t  a t t a i n e d  a constant s lope t h a t  
would ind ica te  sembsteady s t a t e  f low.  For a homogeneous reservo i r  o f  
volume equal t o  t h a t  used i n  our s imulat ion model the  f low ing  pressure 
under semi-steady s t a t e  condi t ions would dec l ine  according t o  
6 = 63 p s i / l O  sep bb ls  0.984 - - - -  d P w f  - B .- 
dq 'TVp (6.27 x (2.57 x 10') 
A l i n e  o f  t h i s  s lope is'shown i n  F igure 11 f o r  comparison purposes. 
An approximation t o  the  associated f l o w i n g  wellhead pressure 
can be obtained by subt rac t ing  t h e  we1 lbore pressure drop (Ap B) from 
t h e  predic ted f I ow i ng we1 I bottom pressure. The S-CUBED WELBO! mode I , 
c a l i b r a t e d  using measurements dur ing the  79-hour t e s t ,  can provide an 
est imate f o r  A p w ~  f o r  var ious f l o w  ra tes .  Although the  value o f  Apw~ 
dec l ines  as  bottomhole pressure decl ines,  an approximation a t  
30,000 sep bbls/day i s  APWB N 8,520 p s i .  In Figure 11 the 
corresponding wellhead pressure dec l ine  p r e d i c t i o n  is denoted by PWH, 
f l o w i n g -  
Dur ing the  simulated history-match ca lcu la t ions  there  were four  
b r i e f  s h u t i n  per iods when the  wel l  was f low ing  a t  approximately 30,000 
sep bb I s/day . The computed sandface pressure i ncrease from j u s t  pr  i or 
t o  s h u t i n  t o  j u s t  a f t e r  s h u t i n  were A rough 
est imate o f  the  "instantaneous" bu i  ldup pressures at, 15,100 f e e t  t h a t  
would be an t ic ipa ted  i f  the  pro jected product ion a t  30,000 sep 
bbls/day were in te r rup ted  by b r i e f  s h u t i n  per iods (obtained by adding 
650 p s i  t o  p w ,  flowing) i s  shown i n  F igure 11 by the curve denoted by 
PWS] A t=O+ I S  curve represents the  predic ted ex t rapo la t ion  of  the 
p o i n t s  denoted by (a). To obta in  the  corresponding est imate f o r  the 
a n t i c i p a t e d  "instantaneous" wellhead pressures requi res adding both 
the  650 ps i  and t h e  f r i c t i o n a l  pressure loss (Apfric = APWB - 
APhydr) a t  q =30,000 sep bbls/day t o  PWH flowing: 
between 611 and 673 p s i .  
N + 650 + (8520 - 6626) At=()+ PWH, f l o w i n g  
- + 2544 ps i  - PWH, f l o w i n g  
This  est imate involves t h r e e  approximations and may be i n  e r r o r  by 100 
ps i  o r  more. No curve i s  included i n  F igure 11 f o r  t h i s  est imate.  
4 .  Conclusions 
I n  summary, we conclude t h a t  
0 A rese rvo i r  model w i t h  e l a s t i c  rock p roper t i es  and 
recharge from ove r l y ing /under l y ing  sands provides an 
excel l e n t  match t o  t h e  product ion h i s t o r y  o f  t he  
Gladys McCalI No. 1 w e l l .  
The model a l so  prov ides an e x c e l l e n t  match t o  t h e  
bu i l dup  measurements made 
Test and t h e  79-hour and 
d e t a i l e d  downhole pressure 
du r ing  the  Reservoir L i m i t s  
92-hour bu i ldup t e s t s .  
The model can be used t o  p r e d i c t  f u t u r e  rese rvo i r  
response wellbottom pressures and, i n  conjunct ion 
w i t h  wel lbore model c a l c u l a t i o n s ,  wellhead pressures. 
The cu r ren t  geologicTunderstanding o f  t he  Gladys 
McCalI rese rvo i r  i s  cons i s ten t  w i t h  recharge o f  Sand 
Zone No. 8 by crossf  I ow f tom over I y i ng/under l y  i'ng 
sands. 
0 I n  s p i t e  o f  t h i s  agreement, t h e  described rese rvo i r  
model i s  n o t  uniquely determined and rese rvo i r  
pressure maintenance by a remote gas cap or  by 
nonl inear  rock p r o p e r t i e s  can no t  be r u l e d  out  a t  
present .  
e Once product ion t e s t i n g  o f  t h e  we1 I nears completion, 
a w i r e l i n e  spinner t e s t  should be run i n  t h e  Gladys 
McCalI No. 1 wel l  t o  determine f l u i d  en t r y  locat ions 
and t h e  ex ten t  o f  any p lugging o f  t h e  p e r f o r a t i o n s .  
TABLE 1 
ANALYSIS OF SAND ZONE NO. 8 DOWNHOLE BUILDUP PRESSURE MEASUREMENTS 
R .  L. Test  79-Hr T e s t  92-Hr Test  
23 , 080 kH (md-ft) 44 , 020 23 , 930 
H = 332 f t  H = 207 f t  H = 332 f t  H = 207 f t  -H = 332 f t  
133 72.1 116 69.5 111 
S +2.55 +6.13 ,+5.89 +3.11 +2.87 
APS (PS i )  * 35 170 164 61 56 
Calculated f o r  production rate  a t  t ime o f  s h u t i n  (sep bbls/day):  * 
14 , 162 15,438 10,470 
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Figure  1. Gladys McCalI well production h i s t o r y  through February 8, 
1986. 
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Figure 7. Comparison o f  bottomhole pressures calculated with 
simulation model and values measured during 
drawdown/buildup portions of Reservoir Limits Test. 
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GAS/GEOTHERMAL H Y B R I D  EX F’ERIM ENT 
Evan E. H u g h e s  
E lec t r i c  P o w e r  R e s e a r c h  1 n s t i t u t . e  
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B A CKG ROU N D 
H y b r i d  p o w e r  s y s t e m s  t h a t  c o m b i n e  b o t h  g a s  a n d  g e o t h e r m a l  h e a t  a s  
i n p u t  f o r  p o w e r  g e n e r a t i o n  c a n  p r o d u c e  more t h a n  15  p e r c e n t  more 
e l e c t r i c i t y  t h a n  t h e  same a m o u n t  of f u e l  a n d  g e o t h e r m a l  f l u i d  
u s e d  i n  s e p a r a t e  p o w e r  p l a n t s .  The  h y b r i d  c o n c e p t  c a n  r e d u c e  t h e  
r i s k  a n d  c o s t  o f  d e v e l o p i n g  h y d r o t h e r m a l  r e s o u r c e s  f o r  power 
g e n e r a t i o n .  F o r  g e o p r e s s u r e d  r e s o u r c e  d e v e l o p m e n t ,  t h e  h y b r i d  i s  
t h e  p r e f e r r e d  m e a n s  o f  e n e r g y  p r o d u c t i o n  when e l e c t r i c i t y  p r i c e s  
a r e  r e l a t i v e l y  h i g h e r  t h a n  g a s  prices.  k c a u s e  n o  f i e l d  t e s t  o f  
t h i s  c o n c e p t  h a s  b e e n  p e r f o r m e d ,  EPRI h a s  j o i n e d  w i t h  t h e  U. S. 
D e p a r t m e n t  o f  E n e r g y  t o  b u i l d  a n d  t e s t  a g a s / g e c I t h e r m a l  h y b r i d  a t  
a g e o p r e s s u r e d  w e l l .  
O B J E C T 1  VE 
The  o b j e c t i v e  o f  t h e  EPRI h y b r i d  power s y s t e m  e x p e r i m e n t  i s  t o  
e v a l u a t e  t h e  g a s / g e o t h e r m a l  h y b r i d  c o n c e p t  b a s e d  o n  d e s i g n ,  
c o n s t r u c t i o n  a n d  t e s t i n g  o f  a 1 - M W e  power s y s t e m .  By t e s t i n g  t h e  
c o n c e p t  a t  a g e o p r e s s u r e d  w e l l ,  EPRI i s  p a r t i c i p a t i n g  i n  t h e  
a s s e s s m e n t  o f  g e o p r e s s u r e d  r e s e r v o i r s  a n d  t h e  t e c h n o l o g y  f o r  
p r o d u c i n g  a n d  u s i n g  t h e s e  g e o t h e r m a l  r e s o u r c e s .  
SYSTEM DESCRIPTION 
T h e  f i g u r e s  s h o w  t h e  h y b r i d  p o w e r  c y c l e  a s  i t  h a s  b e e n  d e s i g n e d  
foi- a t e s t  o n  1 0 , 0 0 0  b a r r e l s / d a y  of g e o p r e s s u r e d  b r i n e  c o n t a i n i n g  
2 2  s t a n d a r d  c u b i c  f e e t  of  g a s  p e r  b a r r e l  of b r i n e .  T h e  g a s  i s  8 7  
p e r c e n t  m e t h a n e ,  w i t h  t h e  b a l a n c e  b e i n g  n e a r l y  a l l  c a r b o n  
d iox ide .  T h e  f i r s t  f i g u r e  s h o w s  t h e  f l o w  r a t e s ,  a n d  t h e  s e c o n d  
f i g u r e  s h o w s  t h e  t e m p e r a t u r e s  a n d  p r e s s u r e s .  The  w o r k i n g  f l u i d  
i n  t h e  b i n a r y  c y c l e  i s  i s o b u t a n e .  T h e  p o w e r  o u t p u t  b r e a k d o w n  f o r  
t h e  1 - M W e  s y s t e m  i s  a s  f o l l o w s  (expressed  i n  kWe): 
G a s  e n g i n e / g e n e r a  t o r  6 5 0  
B i n a r y  t u r b i n e / g e n e r a  t o r  5 4 0  
1 6 0  P r e s s u r e  r e d u c t i o n  t u r b i n e  
Gross P o w e r  1 3 5 0  
-- 
( 2 1 0 )  -- A u x i l i a r y  l oads  
N e  t P o w e r  1 1 4 0  
- 1 -  
GAS/GEOTHERMAL H Y B R I D  EXPERIMENT ( c o n t i n u e d )  
The  s y s t e m  t o  be t e s t ed  i n c l u d e s  a l l  t h e  e q u i p m e n t  n e e d e d  t o  
o b t a i n  t h e  a d v a n t a g e  o f  a h y b r i d  c y c l e  o v e r  s e p a r a t e  c o m b u s t i o n  
a n d  g e o t h e r m a l  c y c l e s .  H o w e v e r ,  d u e  t o  t h e  l i m i t a t i o n  i m p o s e d  b y  
t h e  a m o u n t  o f  g a s  t h a t  i s  s u p p l i e d  w i t h  t h e  g e o p r e s s u r e d  b r i n e ,  
t h e  h e a t  f r o m  t h e  e x h a u s t  g a s  o f  t h e  e n g i n e  c o n t r i b u t e s  a s m a l l e r  
f r a c t i o n  of  t h e  b i n a r y  c y c l e  h e a t  s u p p l y  t h a n  w i l l  be t h e  ca se  i n  
o p t  i m i zed  h y d r o  t h e  r ma 1 a p p l  i ca t i o n  s . 
a p p l i c a t i o n s  a t  a 280°F g o e t h e r r n a l  f l u i d  t e m p e r a t u r e ,  t h e  g a s  
s u p p l y  w o u l d  be s e t  s o  t h a t  e x h a u s t  h e a t  w o u l d  do a l l  t h e  b o i l i n g  
o f  t h e  w o r k i n g  f l u i d  a n d ,  a s  a r e s u l t ,  t h e  power o u t p u t  d u e  t o  
t h e  g a s  e n g i n e  w o u l d  be twice t h a t  o f  t h e  b i n a r y  t u r b i n e .  
F o r  h yd r o t h e  r ma 1 
ACCOMPLISHMENTS TO DATE 
T h e  1 - M W e  power s y s t e m  f o r  t h e  e x p e r i m e n t  h a s  b e e n  d e s i g n e d  f o r  
t h e  P l e a s a n t  Bayou g e o p r e s s u r e d  w e l l ;  t h e  d e s i g n  u s e s  b i n a r y  
c y c l e  e q u i p m e n t  made a v a i l a b l e  t o  EPRI b y  DOE. T h i s  e q u i p m e n t  
h a s  b e e n  r e m o v e d  f r o m  i t s  f o r m e r  s i t e  a t  E a s t  Mesa i n  t h e  
I m p e r i a l  V a l l e y  of C a l i f o r n i a .  R e f u r b i s h m e n t  i s  8 0  p e r c e n t  
complete.  Most of t h e  e q u i p m e n t  i s  s to red  a t  a s u b c o n t r a c t o r ' s  
f a c i l i t y  i n  t h e  I m p e r i a l  V a l l e y .  Two major s u b s y s t e m s  a r e  b e i n g  
r e f u r b i s h e d  a t  o t h e r  s i t e s :  t h e  power t r a i l e r  n e a r  D e n v e r  a n d  
t h e  c o n t r o l  t r a i l e r  n e a r  Los A n g e l e s .  Two o f  t h e  h e a t  e x c h a n g e r s  
h a v e  b e e n  f a b r i c a t e d  a s  new e q u i p m e n t  f o r  t h i s  e x p e r i m e n t .  The  
t h i r d  h e a t  e x c h a n g e r  ( e x h a u s t  g a s  t o  b o i l i n g  i s o b u t a n e )  i s  b e i n g  
s p e c i f i e d  f o r  p u r c h a s e .  A l l  t h e  e q u i p m e n t ,  e x c e p t  f o r  t h i s  l a s t  
h e a t  e x c h a n g e r ,  c a n  be s h i p p e d  t o  t h e  P l e a s a n t  Bayou  s i t e  i n  
A p r i l  i f  t h e  s i t e  i s  r e a d y  f o r  r e c e i p t  o f  t h e  p o w e r  s y s t e m .  The  
l a s t  h e a t  e x c h a n g e r  c a n  be s h i p p e d  a b o u t  s i x  w e e k s  l a t e r .  
PLANS 
EPRI p l a n s  t o  d e l i v e r  t h e  e q u i p m e n t  t o  t h e  P l e a s a n t  Bayou  s i t e  a t  
t h e  t i m e  most s u i t a b l e  g i v e n  t h e  DOE s c h e d u l e  f o r  c o m p l e t i o n  o f  
t h e  w o r k  t o  p r e p a r e  t h e  wel l s  a n d  t h e  s i t e .  EPRI h a s  made 
a r r a n g e m e n t s  w i t h  WKT a n d  H o u s t o n  L i g h t i n g  a n d  P o w e r  f o r  t h e i r  
p a r t i c i p a t i o n  i n  t h e  p r o j e c t  a s  s u p p l i e r  o f  t h e  g a s  e n g i n e  a n d  
p u r c h a s e r  o f  e l e c t r i c i t y ,  r e s p e c t i v e l y .  EPRI i s  p r e p a r i n g  a T e s t  
P l a n  t o  s e t  f o r t h  d e t a i l s  r e g a r d i n g  t h e  c o n d u c t  o f  t h e  
e x p e r i m e n t .  EPRI p l a n s  t o  m o n i t o r  t h e  i n s t a l l a t i o n  a n d  t e s t i n g  
of  t h e  h y b r i d  power s y s t e m  a n d  t o  d o c u m e n t  t h e  r e su l t s  i n  a f i n a l  
r e p o r t .  
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PLEASANT BAYOU GEOLOGY 
COMPLETE WRITINGS INCLUDING CROSS SECTIONS 
M. LIGHT/N. TYLER - BEG 
PLEASANT BAYOU GEOLOGY:  A R E V I E W  
Malco lm Light and Noel Tyler 
Bureau of Economic Geology, The  University of  Texas at Aust in  
T h e  Pleasant Bayou geopressured-geothermal prospect is situated south of 
Houston and west  of Galveston Bay in Brazoria County. Texas 
of the  format ion,  reservoir data. test ing.  and fluid analyses are given in table 1. 
(f ig.  1). A summary 
T h e  Oligocene Fr io Format ion forms one of the principal progradational clastic 
wedges in the Tertiary Gulf Coast Basin in Texas. It thickens basinward f r o m  a few 
hundred feet of outcropping f luvial  Catahoula Format ion to 15.000 ft (4.600 m) of 
deltaic, barrier-strandplain, shelf, and slope deposits. T w o  deltaic depocenters are 
separated by a barrier-strandplain system (fig. 2) .  The  Pleasant Bayou geopressured- 
geothermal test  well lies in the Houston Delta System in eastern Brazoria County 
( f ig.  3). 
Thick,  highly geopressured sandstones occur in the lower Frio Format ion below 
the  T5 correlation marker in the Anomalina bilateralis zone. T h e  geostatic ratios 
(pore fluid pressure/l ithostatic pressure) are 0.7 or greater below T5 in the lower Fr io 
sandstones and shales. In contrast ,  sandstones in the T2 t o  T5 succession 
(upper Fr io Formation) show less geopressure than adjacent shales and appear to have 
acted as conduits through which some of the fluids bled of f .  T h e  upper Fr io also 
shows matur i ty  and geothermal anomalies that  resulted f r o m  heating by upward- 
migrat ing basinal brines. 
T h e  Pleasant Bayou test  well vbas drilled in a s n l l - w i ; h d r ~ ~ ~ ~ , i l  basin piercement 
salt donie to the west (fig 4) .  The g t q x e s s u r e d  reservoir lies t;+tvr.-en t w o  large 
syndepositional n o r m d  faults that  displace and isolate lower Frio strata (fig. 4). 
An west-east cross section of the lower Fr io Format ion in the Pleasant Bayou 
area (fig. 5) shows seven major  sandstone-shale depositional sequences (A through G) 
of variable log character that  occur in the lower Fr io  (below the T5 marker horizon). 
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Location of the General Crude O i l -  Depart- 
From Morton, 1951 
T a b l e  1 P a r a m e t e r s  for P l e a s a n t  Bayou No. 2 
TOTAL DEPTH 16,500'  
FORUTI ON F r  i o  
P e r f .  I n t e r v a l  14,6h4'  t o  14,704' 
P o r o s i t y  19% 
RESERVOIR DATA 
I n  it ia  1 P r e s  sur e 
T e m p e r a t u r e  
Permea b i l  i t y  
No. Barriers 
R a d i a l  Expl .  Dist . 
Expl .  Water V o l .  
E s t .  Area 
11,050 p s i  
301 O F  
200 md 
P a r t i a l  3,700'  
F a u l t  = 3 m i  
16,525 ' 
1.6 x lo9 b b l s  
25 m i 2  
TESTING 
D u r a t i o n  45 d a y s  
Flow: Max. 22,752 BPD 
Avg . 13,106 BPD 
S u r f a c e  Temp. 255OF 
Sand P r o d u c t  ion  No 
FLUID ASALYSES 
TDS 131,320 mg/l  
Yethane 85 .5% 
COZ 10.5Z 
Gas /Va t er 29 SCF/bbl  
From Morton, 1981 
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From Tyler and Han, 1982 
In addition, the Anomalina bilateralis zone, cored intervals, and the southern bounding 
fault of the fault block are shown (fig. 5). Figure 6 is a strike section that extends 
from the Chocolate Bayou Dome to the northeast through the Pleasant Bayou test 
well to the Skrabanek No. 1 well south of Danbury Dome. Total sandstone thickness 
in the upper Frio (T5 to T6 interval) varies from more than 1.200 f t  (366 m) in the 
Danbury Dome area to less than 200 ft (61 m) northeast of the Chocolate Bayou 
field (fig. 6). 
The Anomalina bilateralis - zone in Galveston and Brazoria Counties is 
characterized by relatively high sandstone content compared with overlying successions. 
The Pleasant Bayou test well area lies downdip of the main T5 to T6 depocenter. a 
narrow (10 to 30 mi [16 to 48 km] wide) belt that contains more than 40 percent 
sandstone (fig. 7). The geometry from net sandstone mapping is dominantly lobate 
with local dip-elongate elements (fig. 7). The main axis of sediment transport across 
the fault system was near Danbury Dome, and a subsidiary axis occurred over the 
Chocolate Bayou field (fig. 7). 
Regional subsidence was moderate during deposition of the lower Frio. allowing 
progradation of a high-constructive delta system (fig. 8). During later stages (middle 
and upper Frio) subsidence exceeded sedimentation during a period of coastal onlap 
and shale became abundant. 
Spontaneous-potential logs indicate rapidly upward coarsening to blocky sandstone 
that is extensive in both dip and strike directions (fig. 9). The well-defined lobate to 
elongate net sandstone patterns and log character indicate that the sand-shale 
sequences of the lower Frio were deposited by a high-constructive lobate delta 
(fig 7). This is substantiated by geological and micropaleontological analyses of cores 
and cuttings from the test well. 
The Andrau "C" distributary-mouth-bar complex that composes the productive 
sandstones in the test interval consists of crossbedded. poorly to moderately sorted 
coarse-grained sandstone that was characterized by high rates of sedimentation 
(fig. 10). Winnowed and reworked sandstones in the lower part of the sequence give 
way to sandstones of variable texture and maturity at the bar crest. Very coarse 
distributary channel sandstones cap the succession and have eroded into the bar crest 
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p r i n c i p a l  d e p o s i t i o n a l  environments and sand p a t t e r n s ,  h i g h - c o n s t r u c t i v e  
l o b a t e  d e l t a  systems, G u l f  Coast Bas in  ( F i s h e r  and o t h e r s ,  1969). 
#2 P/eusuf 60you 
'C' CORRELATION INTERVAL 
Res. 
% 
5 md 
Figure 9. Porosity is dominantly secondary below 10,000 f t  
(3,050 m) in Pleasant Bayou and within the less thermally mature but 
highly geopressured distributary mouth-bar sandstones of the lower 
Frca 
Figure 10 Cross-stratifled distributary mouth bar sandstones sub- 
TS C correlation interval, Pleasant Bayou wells. 
From Tyler and Han, 1982 
dur ing continued progradation of the delta system. The  curvilinear. laterally continuous 
distributary-mouth-bar sandstones have a higher production potent ia l  than do 
interstratif ied sandstones and mudstones of the distal delta f ront ,  even though 
cumulative sandstone thicknesses may be equivalent. Figure 11 is a composite model 
showing characteristics of several lower Fr io sandstones in the Pleasant Bayou area. 
Continii i ty of coalesced mouth-bar deposits points t o  considerable wave modification 
Constructive elements of the delta system include storm-induced delta-front slumps and 
splays, distributary-mouth-bars and channels, crevasse splays, and floodplain deposits 
( f ig.  11). 
The  diagenetic evolution of the Fr io Format ion has been intensively studied at  
the Bureau of Economic Geology and includes cementation, replacement, and leaching 
(fig. 12). Regional studies of reservoir quality of deep Fr io  sandstones have shown a 
progressive increase in reservoir quality f r o m  the Lower to the  Upper Texas Gulf 
Coast. The  Andrau "C" distributary-mouth-bar sandstone interval  contains quartz 
overgrowths and kaolinite tha t  fil ls leached pore spaces but has higher porosity and 
permeabil ity than distributary channel. levee, slump, and splay sandstones (fig. 12). 
T h e  general sequence of diagenesis established for  Tert iary strata in the  Gulf 
Coast has been combined w i t h  burial history data f r o m  the  Pleasant Bayou test  well 
(figures 13 and 14). T h e  thermal evolution of the lower f'rio indicates that  quartz 
overgrowths began t o  f o r m  25 M a  ago, leaching and secondary porosity 19.5 M a  ago, 
kaolinite 14 M a  ago, and albit ization less than 5 to 7.5 M a  ago (fig. 14). 
M o r t o n  (1981) has dated the smectite-ill ite t ransformat ion in the Pleasant 
Bayou well a t  23.6 M a  ago (fig. 15). T h e  quartz overgrowths began to form in the 
sandstones at  th is t ime as a result of silica released dur ing the t ransi t ion of smectite 
to illite (fig. 15). Albite, which forms at  temperatures in excess of 248OF (12OOC) is 
out of equil ibrium with present format ion waters indicating. t h a t  they migrated into the 
Andrau "C"  sandstone after 5 to 7.5 Ma .  
The  trends shown by salinity (which increases with depth) and chlorine/bromine 
ratios at  the Pleasant Bayou well suggest ' that  the lower Frio is an area of mix ing of 
deep saline basinal f luids w i t h  shallower connate waters (fig. 16). Kharaka and others 
(1979) showed that  the chlorine/bromine ratios of the waters in the  Andrau "C"  
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Figure 11 Deposition mode4 of high constmctlve deltaic deposits of the lower Frlo Formatlon. Brazoria County, Texas. 
From Tyler a n d  Han, 1982 
Figure 12. Detailed core description and petrography of distributary-mouth-bar sandstones, 
i4ndrau sandstone, Pleasant Bayou No. 1 and No. 2 wells. Modified from Morton and others 
(1983).  
From Ewing and others, 1984 
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THERMAL AND DIAGENETIC EVOLUTION 
OF THE PLEASANT BAYOU NO. 2 WELL 
F i g u r e  14. Thermal  and  p o r o s i t y  e v o l u t i o n  a t  P l e a s a n t  Bayou 
s u g g e s t s  t h a t  f l u i d  f l o w  began  some 25 Ma a g o ,  w h e r e a s  the 
a n o m a l y  i n  the e x t a n t  g e o t h e r m a l  g r a d i e n t  i n d i c a t e s  t h a t  i t  
i s  s t i l l  a c t i v e  i n  the u p p e r  F r i o  F o r m a t i o n .  
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Sa l in i ty  prof i le  a t  the GCO-DOE Pleasant Bayou wells.  
From Gregory ana Backus, 1979 
sandstone indicate that they have a large component derived from salt dissolution. 
These fluids lie in a central region between pure salt, seawater, and meteoric water 
(fig. 17). Hoskins Mound and Stratton Ridge (salt structures) lie southeast and south 
of the Pleasant Bayou - Chocolate Bayou fault block and intersect the main fault 
system forming the southeast margin of the Chocolate Bayou oil and gas field 
(fig. 18). Deep dissolution of these domes by migrating hot basinal waters that 
originated in the upper Vicksburg slope shales and were driven landward by a 
horizontal pressure gradient could produce the high chlorine/bromine ratios of the 
Pleasant Bayou brines. (fig. 18). 
Geothermal gradient and shale and hydrocarbon maturity and composition data 
indicate that the upper Frio section was flushed by hot basinal waters less than 5 to 
7.5 Ma ago (fig. 19). High geopressure has retarded migration in the lower Frio 
Formation (below the T5 marker horizon)(fig. 19). These deep basinal waters are rich 
in aromatic hydrocarbons, calcium, and heavy metals (Pb,Zn) released by albitization of 
feldspars a t  depth. Permeability in the upper Frio was reduced by precipitation of 
carbonates (fig. 20). In the lower Frio higher permeabilities were preserved by the high 
geopressure that retarded the influx of hot. calcium-rich waters (fig. 20). 
Data gathered a t  the Pleasant Bayou well site have been of immense value in 
deciphering the diagenetic and hydrocarbon migration systems of this part of the Gulf 
Coast. Geothermal and thermal maturity data (fig. 21) can be used locally and 
regionally to define (a) the lateral extent, thickness and continuity of highly permeable 
geopressured formations at depth (fig. 22). (b) the locatiori of individual sandstone 
bodies that have acted as major conduits for upward migration of very saline brines 
containing hydrocarbons, heavy metals, and calcium carbonate (fig. 22). (c) the 
location of sections of growth fault planes that are sealing with respect to saline fluid 
flow and that have acted as conduits (fig. 22). Areal mapping of migration pathways 
using borehole pressure and electric-log data may lead to the identification of updip 
hydrocarbon-bearing traps or heavy-metal deposits (fig. 22). 
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Fig.19 Naphthene fraction expressed as time-temperature integrals (TTI) vs. 
depth for the Pleasant Bayou No. 1 well compared w i t h  t h e  burial 
history maturity profile and the corrected vitrinite reflectance both 
expressed as time-temperature integral9 ('KI) . 
vitrinite reflectance, percent wetness, and Cs-C hydrocarbon content 
in 1 million volumes of sediment vs. depth is s own for comparison. 
Stipple pattern represents a zone containing anomalous concentrations 
o f  C5 to C7 hydrocarbons; lined pattern indicates zone containing 
hydrocarbons consistent with depth and thermal gradient. 
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f o r  t h e  Pleasant Bayou No.2 t e s t  w e l l .  M o d i f i e d  from Ewing, T y l e r  
and L i g h t ,  1953. From L i g h t  and Ewing, 1985 
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Figure 22. Schematic  cross  s e c t i o n  showing the  use of geothermal,  paleogeothermal or 
pressure data  to identify t h e  e x t e n t  of  highly permeable highly geopressured sandstones,  
conduits  for hot fluid migration and updip hydrocarbon and metalliferous deposits  
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J. APPENDIX 1 0  
SURFACE WATER QUALITY 
WORK DONE AT PLEASANT BAYOU AND GLADYS McCALL 
SHORT SUMMARY 
F.M.A. SALEH/W.M. KOCHER - SLU 
Sur face  and  Grounwater  Q u a l i t y  
A? t h P  DOE Geotherma l-G:eoprc.c suret1 T e s t  S i t e s  
.cii Texas and L c u . i s i a n a  
BY 
F.M.A.  Salt?h* 
T P C ~  r : i t e s  c;t  1,otI-I  R o c k e f e l l e r  Re fuge ,  L A  and  Rrazor?-a ,  TX were 
m c n i t o r e d  f o r  siirface ar,d g r o u n d w a t e r  q u a l i t y .  B e f o r e  ezck 
t r i p ,  t h e  number ~f samples 2nd s a m p l i n g  locatior?..: werp 6.ctc::- 
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Well 
Well 
Surf ace 
Surf ace 
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Well 
Source 
Well 
Well 
Surface 
Well 
Surface 
Surface 
Table 1 
7 * 
Description of Samplinfi S i t e s  . 
9 
Rockefeller Refufie, LA 
Location 
Water source f o r  crew on DOE s i t e  
Dock, NE end of DOE s i t e  
Dock, S end of DOE s i t e  
She l l  Rd. bridge en ter ing  DOE s i t e  
SheU Rd. bridge, 0.85 miles from DOE s i t e  
Private residence,  0.1 miles  E of She l l  Rd. 
Pr iva te  residence,  0.8 miles E of She l l  Rd. on R t .  82 
Rockefeller Refuge, t a p  near main entrance 
Entrance t o  Pr iva te  Rd., 0.8 miles E of She l l  Rd. on R t .  82 
1.2 miles (opposite house) up Pr iva te  Rd. 
1.9 miles (dock) up Pr iva te  Rd. 
Pr iva te  residence,  1.2 miles E of She l l  Rd. on R t .  82 
Description of Sampling S i t e s  
Brazoria, TX 
Location 
Sample wel l  a t  NW corner of DOE s i t e  
Sample w e l l  a t  SW corner of DOE s i t e  
Bayou sample a t  SW corner of DOE s i t e  
Sample wel l  a t  SE corner of DOE s i t e  
Bayou sample a t  Ways bridge 
Bayou sample a t  dock of Lutes Landing 
Table 2 - Results of Ground and Surface Water Samples Analysis at Rockefeller Refuge (December 7-8, 1985) 
Page 2 
Sample 
- 
- * c  
k- -- -’ 
1 
3 
4 
5 
8 I. 
11 
12 
13 
14 
15 
16 
17 
Sample 
1 
3 
4 
5 
8 
11 
12 
13 
14 
15 
16 
17 
Par ame t e r /Range 
Cr PFd Na PPm K PPm Mg PPm Ca PPm Mn Ppm 
0.01 mg/l 0.001 mg/l 0.002 mg/l 0.005 mg/l 0.0005 mg/l 0.01 mg/l 
1.10 
1.29 
1.81 
1.22 
1.33 
1.16 
0.62 
0.73 
0.81 
0.72 
1.36 
1.05 
950 
2582 
3115 
3572 
4120 
242 
393 
215 
4275 
4319 
2642 
316 
4.22 
51.47 
49.72 
48.31 
51.93 
3.35 
5.19 
2.13 
49.86 
50.12 
46.26 
3.42 
* 24.15 
31.26 
29.07 
26.14 
24..12 
19.31 
26.45 
12.72 
25.18 
24.92 
. 23.15 
19.83 
- 39.54 
69.31 . 
91.06 . 
75.13 
76.50 
93.34 
16.29 
8.51 
63.25 
73.06 
42.19 
. 15.25 
0.01 
1.06 
1.56 
0.92 
1.26 
0.03 
0.01 
0.00 
0.45 
0.31 
0.34 
0.02 
Parame ter/Range 
Cd PPb Ba PPm Pb PPb At3 PPb Ht3  PPb B Ppm Sr ppm ; 
0.002 mg/l 0.03 mg/1 0.05 mg/l 0.1 mg/l 0.0001 mg/l 0.1 mg/l 0.01 mg/l 
’ I $$&: -, 
. .  
0.0 1.2 0.4 0.6 0.0001 0.0 1.1 
0.1 0.3 0.0 0.0 0.0006 1.2 2.6 
1.5 4.2 0.1 0.3 0.0 0.0 0.0011 
0.1 0.1 0.0 0.2 0.0009 0.9 3.1 
0.0 0.0 0.3 0.1 0.0008 1.4 1.9 
0.1 0.7 0.0 0.7 0.1 
0.0 0.6 0.3 1.1 0.0003 0.4 0.6 
0.0 1.2 0.1 0.5 0.0004 0.1 0.8 
1.5 1.9 0.1 0.1 0.2 0.3 0.0008 
0.0 0.3 0.0 0.1 0.0006 1.2 1.8 
0.0 0.3 0 0.0 0.2 0.0005 1.1 3.6 
0.1 0.2 0.1 0.1 0.0001 1.6 3.0 
0.5 0.0001 
I 
Table 2 - Results of Ground and Surface Water'Samples Analysis at Rockefeller Refuge (December 7-8, 1985)* 
Sample 
1 
3 
._ 4 
5 
11 
12  
13 
14 
1s 
16 
Sample 
a 
17 
1 
3 
4 
S 
11 
12 
13 
14 
15 
16 
17 
a 
ParameterjRanRe 
PH Turbidity Fl'U Oxygen Chloride Sulfate Ammonia Bicarbonate 
Dissolved 
- 0-14 0-400 FTU mg/l 0-125 mg/l 0-100 mg/l 0-2 mg/1 mg/l CaC03 
6.5 2 1.1 1280 3.2 1.60 
6.2 88 0.8 5390 600 2.70 
6: 0 27 0.6 5140 620 2.10 
6.1 35 1.4 6815 690 1.90 
6.4 69 1.0 6575 780 2.90 11 2 
6.2 3 1.0 410 1;8 0.56 286 
6.5 9 1.1 495 9.0 1.30 330 
6.2 44 0.8 7710 440 2.10 196 . 
6.0 48 1.0 4810 320 1.60 162 
6.4 53 . 0.9 560 3.6 0.68 310 . 
6.1 1 0.7 185 4.6 0.54 . 290 
6.2 26 1.2 7180 480 2. I O  202 
Parame t e r h n g e  
Speclf IC 
Nitrate Phosphate TOC Conductance Temperature 
mg/l mn/l 1.0 mg/l Mi c r omho s OC Depth 
I4  3 1.0 . 005 15.2 2.4 x lo3 
3.7 . bo5 21.0 4.8 x lo3 14 1 ' 2" 
1.0 .005 5.1 2.0 x lo3 19 
1.9 .005 4.9 1.6 x lo3 16 2'2" 
3.6 .005 31.2 4.8 x lo3 16 1'9" 
3.9 .005 21.6 5.3 x lo3 16 1 l4" 
2.8 . 005 0.52 4.1 x lo3 - 13 1 ' 6" 
2.6 -005 6.8 4.9 x lo3 14  5'6" below bridge 
4.7 .005 25.5 ' 4.8 x lo3 14 4'10" below bridge 
2.2 .005 3.6 2.4 x lo3 14 
4.3 .005 . 29.8 3.8 x lo3 15 
2.3 .005 14.3 2.7 x 10 13 
*Samples were collected betveen 3:30 pm and 7:lO pm on December 7, 1985. The weather conditions included 
overcast skies, mild wind and an average temperature of 60-65"F, with high groundwater and surface water 
levels. 
Table 3 - Results of Ground and Surface Water Samples Analysis at Brazoria (December 7-8, 1985)* 
Sample 
18 
19 
20 
21 
22 
23 
Sample 
18 
19 
20 
21 
22 
23 
Sample 
18 
19 
20 
21 
22 
23 
. Parame ter/Range 
Dissolved 
PH Turbidity FTU Oxygen Chloride Sulfate Ammonia Bicarbonate 
mg/l 0-125 mg/l 0-100 mg/l 0-2 mg/l mg/l CaC03 0-14 0-400 FTU 
6.7 2 1.0 525 30.4 0.35 -402 
6.7 9 0.8 295 32.2 0.27 i298 
6.2 47 1.1 4300 280 0.34 144 
1.4 605 22 0.43 - 388 
0.9 4430 370 1.46 226 
6.4 10 
6.3 15 
6.2 14 1.0 11200 1260 1.95 228 
Parameter/Range 
Specific 
Nitrate Phosphate TOC Conductance Temperature 
Depth '-mg/l mg/l 1.0 mg/l Micr omhos OC 
2.0 .005 - 25.9 2.2 x lo3 21 3'31" 
2.0 - .005 34.6 2.0 x lo3 22 1'11" 
2.7 .005 21.8 2.2 x lo3 17 1 ' 2" 
2.5 .005 31.4 2.2 x lo3 21 4' 
3 
2.9 .005 14.3 2.9 x lo4 17 10" be low dock 
1' 11" below dock 2.6 .005 4.5 1.4 x 10 16 
Parameter /Range 
Cr PPd Na PPm K PPm Mt3 PPm Ca ppm' Mn PPm 
0.001 mg/1 0.002 mg/l 0.005 mg/l 0.0005 mg/l- 0.01 mg/l 0.01 mg/l 
0.01 0.65 316 1.53 15.52 
0.89 230 0.81 12.13 83.22 0.03 
0.34 2120 19.18 19.35 76.56 0.15 
1.26 325 - 1.52 10.42 80.25 0.05 
1.04 3105 36.27 . 21.63 58.74 0.16 
1.16 6550 38.52 19.62 86.27 0.03 
84.51 
. -  
*Samples were collected between 10:30 am and 1:OO pm on December 7, 1985. Weather conditions included 
overcast skies, damp, mild winds and an average temperature of 60-65OF with high groundwater and 
surface water levels. 
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brushes 
S-9965 
BRUSHES - Flask, Convex. 
Mounted on a preformed durable plastic handle with bristles twisted in wire‘. 
Flexible brush section adapts itself to the curvature of the flasks 
Cat No Capacity, mL Length. mm Diameter, mm Length, mm Each 
S-9965-A 250 89 35 300 2.00 
S-9965-8 500 100 38 360 2.10 
s-9965-c 1000 127 44 430 2.50 
12 or more. 10% discount 
for flask BrisNe Section Total Price1 
s-9975 
BRUSH - Flask, Off set. 
Made of white unbleached hog bristle twisted into galvanized wire and 
mounted on an offset of the preformed plastic handle Effective in reaching 
shoulder surfaces of flasks and bottles Total length, 406 mm, length of bristle 
section, 102 mm. diameter of bristle section, 38 mm 
12 or more, 10% discount v \-.-*, ’- 2 73’ 
BRUSH - Test Tube, Radial Tuft, Large, Nylon. 
For test tubes from 19 to 25 mm diameter Made of stiff nylon bristles twisted 
into galvanized wire Radial tufted end The tufted tip covers all parts of the 
test tube Total length, 280 rnm. length of bristle section. 100 mm diameter of 
bristles, 35 mm 
# 
Each . . . . . . . . . . . . . . . . . . . . . . . .  1.65 
12 or more, 10% discount. 
s-9985 
S-9980 BRUSH -Test Tube, Radial Tuft, Large. 
For test tubes from 19 to 25 mm in diameter. Made from selected bristles , 
heavily filled in tightly twisled heavy gauge galvanized wire with radially tufted 
tip. Total length, 300 mm; length of bristle section. 95 mm; diameter. 35 mm. 
Pkgof 12 . . . . . . . . . . . . . . . . . . . .  9.72 
12 or more pkg. 10% discount. 
S-9990 
BRUSH -Test Tube, Radial Tuft, Medium, Nylon. 
Best quality nylon fiber, having wearing properties superior to bristles, with 
less absorption of moisture for retention of flexibility. For test tubes from 16 to 
19 mm in diameter. Total length, 230 mm; length of bristle section, 89 mm; 
diameter, 19 mm. 
Pkg of 12 9.60 
12 ormore pkg, IOOhdiscount. 
. . . . . . . . . . . . . . . . . . . .  
&! 5.9995 e 
8 
BRUSH -Test Tube, Radial Tuft, Medium. 
For tubes 16 to 19 mm in diameter Bristles twisted into heavy gauge 
galvanized wtre with radial tuft end Total length, 250 mm, length of bristle 
section, 80 mm; diameter. 20 cm 
Pkgof 12 . . . . . . . . . . . . . . . . . .  7.20 
12 or more pkg, 10°/~ discount 
s-9995 
.. ‘ I  , 
NOUVNVldX3 
N 
1-79 d q .  Location of ground-water monitoring wells and multiliquid ti lt  meter line. 
brus 
16 
Y 
b. Th 
13 
BRUSH - Conical, Radial Tun, Wire Mounted, Wood Handle, Large. 9 g850 For use principally in cleaning S-84126 to 5-84142 lmholf water sedimentation 
mnes Constructed of black bristles and heavy brown fiber tightly twisted into 
heavy gauge galvanized wire with wood handle Conical shape with heav 
radial tuft designed to reach tower extremities of the sedimentation cones e 
brush section IS 248 mm, the first 102 mm of black bristle. the remaining 146 
mm of brown liber Diameter 01 the brush at the end is 19 mm, tapering back to 
ra. 
7 
102 mm The fan style tip has a radius of 45 mm The handle IS 381 mm 
Each 7.85 
12 or more, 10°odiscount 
r 
S.9855 
BRUSH - Cement Brcquette, Brass Wire Bristles. 
For cleaning briquette molds or plates With lour rows of brass wire bristles 
mounted in a wood handle Total length. 260 mm, length 01 bristle section, 130 
mm, width of bristle section, 22 mm, length of bristles, 28 mm 
Each 
PP 
S-9865 
I .  BRUSH -Counter, Large, Superior Grade. 
For dusting tables, desks, etc Widely flared 100°o horsehair bristles are staple 
set into riatural lacauered hardwood block Handle has a hole for hanqinq 
.... 
Total length. 381 mm. length of brush face, 229 mm. maximum width of b; 
lace, 83 mm; height of bristles, 64 mm _- 
--@i - / 
rush 
< 7.  Each 12 or more, 10°/odiscount 
S.QB75 -- - -
BRUSH .- Counter, Medium. 
Similar to S-9865 but desianed lor dustino heavier Darticle accumulation: 
Eact 
.9880 
BRUS 
> 
c-- a Bristles are tampico. wide:llared end, staple sot into natural lacquered 
hardwood block with hang up hole Total lengih, 356 mm length of brush face, 
203 mm. width of brush lace, 63 mm. height of bristles, 64 mm 
12 or more, looo discount 
-I 4.40 
- 
IH -Scrubbing. 
With 4 rows of stiff tampico bristles for fine scrubbing mounted in a wood 
block Block length, 184 mm. block width, 60 mm, height 01 bristles. 25 mm 
Each 2.50 
12 or more, 10% discount 
b 
$ 
i 
, MUSHES - Buret, $nrs  
M b n S I l e S  twisted in flexible galvanized 
.?+ a m L  burets, and the large one lor 75 mL and &. !@ I-OL sues For smaller buret brush, see 
wbs Of heavy gauge wire and with large 
loops The small size is for 25 mL and 
FrisNe Section 
76 13 
mm Length. mm Diameter. mni PriceiPkg of 
9.00 12 
910 127 32 13.44 12 
12 01 more pkg, IOo/. drscount 
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K. APPENDIX 11 
ANALYSIS OF HYDROCARBONS FROM DOE WELLS 
COMPLETE WRITE-UP OF WORK 
D. KEELEY/J .  MERIWETHEli - USL 
AROMATIC HYDROCARBONS ASSOCIATED W I T H  GEOPRESSURED BRINES 
Report of research tasks being conducted by 
Dr. Dean I:. Keeley and Dr. John R. Meriwether 
University of Southwestern Louisiana 
A .  DETERMINATION OF THE SOLUBILITIES OF SELECTED AROMATIC HYDRO- 
STRENGTHS. 
~- CARBONS IN -- SODEMCHLORIDE S O L U T ~ ~  = DIFFERING IONIC 
1.Reason for Conducting Research: The scientific literature 
contains numerous values for the solubilities of specific aroma- 
tic compounds in water at room temperatures. Solubility values 
for the same compounds in NaCl brines of different concentrations 
are less available. Values in brines of different concentrations, 
at different temperatures, employing the same technique by the 
same laboratory are simply nonexistent. 
Since geopressured brines from the U . S .  Gulf Coast region 
apparently all contain a complex mixture of aromatic hydrocar- 
bons, it was deemed appropriate, as part of the overall geopres- 
sured program, to undertake the rather ambitious project of 
determining the solubilities of the compounds in the cryoconden- 
sates. The initial phase has involved determining the solubili- 
ties of the six most abundant hydrocarbons: benzene, toluene, 
ethylbenzene, and the three isomers of xylene as functions of 
ionic strength and temperature. 
2.Method Slection: A critical review of the many methods 
which have been used to determine solubilities of compound w i t h  
appreciable vapor pressures indicated that only one method was 
not subject to the difficulties caused by the partition of such 
substances between the solvent and any free gas space above the 
solvent. This method was a technique (Massaldi and King 1973) 
based on headspace analysis. Headspace analysis involves the 
analysis, usually by gas chromatograpy, of the vapor which is in 
equilibrium with a condensed phase (eg. vapor above wine). 
3.Theoretical: Since the chemical potential, u , of any 
substance has the same value in all of its saturated isolutions. 
It follows that if the substance has an appreciable vapor pres- 
sure that its partial vapor pressure above any saturated solution 
will be equal to the vapor pressure of the pure substance. 
If a substance has a limited solubility it will tend to obey 
1 
Henry's law, 
where p is the partial pressure of the substance above the solu- 
tion when its mole fraction is X, and k is the Henry's law 
constant for the system at the prevailing temperature. The agree- 
ment with Henry's law increases as X -> 0. At saturation it take 
the form 
where the zeroed quantities refer to saturation, hence p" refers 
to the vapor pressure of the pure substance. 
If one designs a set of experiments which effectively mea- 
sures the partial pressure, p, of a substance above its solutions 
as a function of its mole fraction, X, in the solutions then 
extrapolation to p" will yield X". 
4.Multiple Injection Interrupted Flow (MIIF) Method: We have 
develoDed a modification of the Massaldi and King method which - 
allows us to determine the solubility of any substance having an 
appreciable vapor pressure, in any solvent, containing any addi- 
tional solutes in any amount. 
The method consists in preparing a number of samples con- 
taining varying amounts of a compound so as to have it present at 
varying partial pressures. These samples are analyzed by head- 
space gas chromatography (HGC) to obtain the GC response as a 
function of partial pressure: 
A = C p  ( 3 )  
where A is GC area response and C is a constant containing all 
pertinent GC correlation parameters. Extrapolation of this data 
to p' allows us to evaluate the value of A " .  
A second set of samples containing varying amounts of the 
compound and a fixed amount of solvent are similarly analyzed. 
Computing the amount of compound needed to produce a response 
A " ,  will yield the amount of compound needed to produce system 
saturation, not, which is defined by the relationship 
n o  = nov + nos t ( 4 )  
where nov and nox are the amount of 
solvent phases, respectively. Since 
compound in the vapor and 
nov can be computed from A "  
2 
and the system volume, and since no is the total amount of 
compound needed to give a system respokse A " ,  no , the solub 1- 
ity, It should be noted that thfs modification 
of the Massaldi and King method precludes the difficulties that 
are inherent in having to use saturated solutions. 
The name "mult-iple injection interrupted flow (MIIF) It method 
comes from the actual way in which the values of A ,  the GC area 
response are obtained (Keeley, Hoffpauir, and Meriwether 1 9 8 6 ) .  
We believe that the MIIF technique will find broad application. 
It is ideally suited to looks at phenomenon such as synergistic 
effects in solubility. 
5. Results -- to Date: To date we have determined the solubili- 
ties of benzene, toluene, ethylbenzene, ortho-, and meta-xylene 
in NaCl solutions of ionic strengths raging from 0 to 4 (ie. 0 to 
4 molar) at 25.00 "C. We have also computed the Henry's law 
constants, partit.ion coefficients, and molar activity coeffi- 
cients of these solutes in the indicated solutions. Work is in 
progress on meta- and para-xylene at 25.00 "C and work is com- 
mencing on all of the hydrocarbons at 50.00 "C. 
can be comput.ed. 
B. DISTRIBUTION - COEFFICIENT MEASUREMENTS. - 
1. Theory: Since a volatile solute tends to obey Henry's law 
solute 
it follows 
in dilute solutions and since the parti.al pressure of the 
above solutions which are in equilibrium is the same, 
that 
where K is the distribution coefficient. 
2.Method: The method used to obtain the Henry's law con- 
stants for the hydrocarbons in an oil is the same as described in 
Part A.  S i n c e  t h e  o i l  used must be i n i t i a l l y  free of the com- 
pounds of interest and since there is no "standard" reference oil 
for this type of determination we have adopted a synthetic oil, 
Mobil-1, to be our standard. 
3 .  Results -- to - Date: To date we have determined the partition 
coefficients for benzene, toluene, ethylbenzene, ortho- and meta- 
xylene between the vfstandard' oil and brines with ionic strength 
ranging from 0 to 4 at 25.00 "C. Work is in progress on meta- and 
para-xylene at 25.00 "C and commencing on the hydrocarbons at 
5 0 . 0 0  "C. 
It should be noted that this particular phase of our re- 
search has ramifications, and has attracted interest, from out- 
3 
side the geopressured energy area. The compounds being studied 
are potential environmental hazards. Since a number of crude oils 
contain aromatic hydrocarbons in substantial amounts, these dis- 
tribution values, as well as the partition values calculated in 
conjunction with Part A ,  will be of value in calculating the 
environmental impact of an aromatic-rich oil spill. 
C. cryocondensate. 
1. Collection method: The method of collecting and quanti- 
fying the 
Sixth Gulf Coast Geopressured-Geothermal Energy Conference" 
(Keeley and Meriwether, 1 9 8 5 ) .  
2. Composition: The composition of the cryocondensate can be 
found in "The Proceeding of the Sixth Gulf Coast Geopressured- 
Geothermal Energy  Conference" (Keeley and Meriwether, 1 9 8 5 ) .  
the cryocondensate can be found in "The Proceeding of 
3 .  Results -- to date: The results to date are shown in the 
graph on the following page. 
4 .  Conjecture: The Gibbs free energy difference, ^G, as- 
sociated with a solute at two concentrations, C1 and C2, is given 
by 
^G = - R T 1x2 (C2 / C1) ( 6 )  
where R = the gas constant and T = the absolute temperature. 
The cryogenic condensate concentration gradient we have observed 
for the Gladys McCall well would yield a *G value of - - 577 
cal/mol. With any reasonable permeability, such a concentration 
gradient could not exist and homogeniety would occur via diffu- 
sion in a time span short compared to geologic times. Several 
possible explanations might explain our observations: 
a.) Catagenesis: The aromatic compound which comprise the 
cryocondensate are still being produced by catagenesis from the 
residual hydrocarbons (ie. oil) known to be present in the forma- 
tion. If this is the case then a concentration gradient would 
exist between the oil location(s) and the regions devoid of o i l  
in the formation. If this is true then the recent concentration 
trend might well be an indicator of another period of oil produc- 
tion from the Gladys McCall well. 
b.) Adsorption: Since the components of the cryocondensate 
are primarily aromatic in nature it is possible that they may be 
adsorbed by pi-electron interaction to the particles of the 
formation. Such a process could produce a concentration gradient, 
4 
but i t  would probabl 
has not  been observed 
also ield a composition gradient, which 
c.) Free Gas: If the formation contained free gas the con- 
centration of cryocondensate components in the gas would be 
significant. If the free gas production increased with cumulative 
brine volume it would appear as an increase in the cryocondensate 
cancentration. This process would also be expected to show a 
composition change of the cryocondensate with cumulative brine 
volume since the partition coefficients of the compound which 
qomprise the cryocoNensate are different. 
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in Fresh Water Drilling Muds 
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ARSTFACT 
Accurate values of R as a functior! of  depth are needed when 
calculating formation water resistivity from the S . P . ,  when 
calculating formation factor and porosjtv from short investigation 
resistivity logs, and when interpreting the results of the repeat 
formation tester. Pecent work has  shown thzt the commonly used values 
for F obtained from l o g  header data are unreliable, due to large 
short term variations in R and R The best way to obtain R is t o  
measure it daily, but this is almost never done, and cannot be done on 
wells which heve already been drilled. Tn some wells, however, daily 
measured values of It and mud density, but not R are available from m mf' 
nwd logging units. Such data is a l s o  available from an increasing 
number of wells using "measurement while drilling" (YWD) systems. For 
these wells, we have found that accurate values of F can be obtained 
using a modified form of Overton & Lipsor?'s correlation, 
C(Rm)1'07, where C is  an empirical function of mud density, provided 
that measured values of K and mud density are used rather than log  
header derived values. Overton's original correlation was for non- 
lignosulfonate niuds, hut we f i n d  that it works about as well for 
today's widely used lignosulfonate muds. The correlation which we 
recommend, based on Overton's original, non-lignosulfonate data p l u s  
considerable new data we have obtained for lignosulfonate muds, is 
mf 
mf 
m mf' mf 
mf 
- 
Rm f 
m 
-1- 
..- = .396  - .0475 pm .....................( 1) 
where p is mud density in pounds per g a l l o n .  For .1 < Rm @ 75'F < 
2.0 M, this correlation gives a lower Z std deviation relative to 
measured values of K (26%) than other commonly used methods of 
estimating R such as estimating it fron! log header K data, ( 3 4 % ) ;  
mf mf 
using R = .75 R , ( 6 9 % ) ;  and using the Overton correlation with log 
header R and p data, (67%). In the two wells where we believe we 
have the best data, our correlation gives a standard deviation of only 
13% relative to measured values of R This approaches the accuracy 
of the basic R and R measurements. m mf 
m 
mf 
mf m 
m m 
mf 
INTROnUCTION 
It is fiecessary t o  know the value of the mud filtrate resistiv- 
ity, R m f ,  to be able to calculate the formation water resistivity from 
the S.P .  l og ;  o r  to calculate formation factor and/or porosity from 
short investigation resistivity logs ;  or to interpret the fluid 
recovery from the repeat formation tester. Due to the large effect of 
spurt l o s s ,  which occurs while the formation is being drilled, a s  com- 
pared to filtrate l o s s ,  occurring days and weeks later, as the hole is 
deepened, it is important to know R as a function of time (depth). 
This will allow the best estimate of F. for a given formation of 
interest. 
mf 
rrf 
Tn the past the variation of R with time (depth) has been 
inferred from log header values of K for the several logging depths 
in a well. The assumption is that R varies smoothly between logging 
111 f 
mf 
mf 
-2- 
. .  
Rmf dep ths .  Recent  work h a s  shown t h e  assumpt ion  above i s  n o t  v a l i d ;  
and R v a r y  c o n s i d e r a b l y  from day t o  day.  I n  s e v e r a l  w e l l s  where R 
m mf 
and Rm were measured d a i l y ,  t h e  s tandar t !  d e v i a t i o n  of t h e  v a l u e s  
e s t i m a t e d  from t h e  l o g  heade r  v a l u e s  r e l z e i v e  t o  t h e  d a i l y  measured 
v a l u e s  was 30% t o  40%. 
-- 
1,2,3 
Cause of t h i s  v a r i a t i o n  i s  complex, but  c e r t a i n l y  i n c l u d e s  such 
f a c t o r s  a s  v a r i a t i o n  i n  amount and s a l i n i t y  of make up w a t e r  a d d i t i o n s  
t o  t h e  mud; v a r i a t i o n s  i n  amount of mud a d d i t i v e s  used such  a s  
b e n t o n i t e ,  l i g n o s u l f o n a t e ,  c a u s t i c  s o d a ,  e t c . ;  and c o n t r i b u t i o n s  of  
d i s s o l v e d  s a l t s  and d r i l l e d  up s o l i d s  f r o m  new h o l e  b e i n g  made. 
Rega rd le s s  of t h e  c a u s e s ,  Rmf d o e s  v a r y  c o n s i d e r a b l y  from day t o  day ,  
and t h e  l o g  a n a l y s t  must r e c o g n i z e  t h l s ,  and t a k e  i t  i n t o  accoun t  when 
i n t e r p r e t i n g  t h e  l o g s .  
The i d e a l  s o l u t i o n  would be t o  measure R and Rmf d a i l y ,  and t o  
t r y  t o  c o n t r o l  some of t h e  v a r i a b l e s  a f f e c t i n g  R such a s  r e s i s t i v -  mf' 
i t y  of t h e  makeup w a t e r ,  i n  o r d e r  t o  reduce  t h e  v a r i a t i o n  i n  R I n  
p r a c t i c e ,  R i s  not measured e x c e p t  when making a l o g g i n g  run;  
sometimes only once, or at most, a f e w  times during the drilling of a 
w e l l .  Some mud l o g g i n g  u n i t s  measure R (but  n o t  R ) d a i l y .  A l s o ,  
t h e  t echn ique  of "measurement w h i l e  d r i l l i n g "  (MJD) is g a i n i n g  wide r  
u s e ,  and some of t h e s e  sys t ems  measure R ( b u t  n o t  R ) c o n t i n u o u s l y .  
Mud e n g i n e e r s  u s u a l l y  measure many p r o p e r t i e s  of  t h e  mud d a i l y ,  such 
a s  mud d e n s i t y ,  v i s c o s i t y ,  pH, and f i l t r a t e  loss ,  b u t  n o t  R or R 
- m  mf' 
A r e l i a b l e  method of e s t i m a t i n g  R from Ii and mud d e n s i t y  would be 
of c o n s i d e r a b l e  v a l u e  t c  companies o f f e r i n g  MIJD and /o r  mud logg ing  
s e r v i c e s .  
m 
nf - 
mf 
m mf 
n, m f 
mf m 
z 
-3- 
Two methods have been proposed for estimating R given R . 
These are: Overton & Lipson's empirical correlation for non-lignosulf- 
= C(Rm)1'07, where C is an empirical function of mud onate muds, 
density 4'5; and an empirical correlation given in the Schlumberger 
Overtop b chart book, 
L i p s o n ' s  work was done in 1958, before lignosulfonate muds came into 
the wide use they enjoy today and no lignosulfonate muds are ir,cluded 
in their data set. 
mf' m - 
Rmf 
5 = .75 Rm, mud type not specified. Rmf 
This paper will evaluate the accuracy of R estimates relative 
to measured R values for Overton and Lipson's correlation; the R = 
-75  R, correlation; values 0- C Rmf inferred from log h e a d e r  R d a t a ;  
and a new correlation we have developed based on data given in Overton 
mf 
mf mf 
m f  
& Lipson's original paper, plus a large amount of new data we have 
gathered for lignosulfonate muds. 
DATA AND ANALYSIS 
We started our work with study of Overton & Lipson's paper. ' It 
quickly became apparent that Table 1 of this paper, supposedly 
consisting of Rm, Rmf and mud density data f o r  94  field muds, actually 
contains considerable duplicated data. With a few exceptions (entries 
54 ,67 ,  and 71, for example), all the data for R , F. and mud density 
for entries 1 through 45 are repeated line for line for entries 46  
through 9 4 !  No such duplicatjon was noted for the d a t a  on 47 
laboratory muds, given in Table 2. Five of the e n t r i e s  in Table 2 
were incomplete, however, lacking data for R , mud densitv, or both. 
m mf 
m 
We a l s o  did not understand the need for the exponent 1.07, rather 
Tn an than 1.0, in Overton & Lipson's correlation, Rm f = C(Rm)1-07. 
empirical relation such as this it shou1.d be possible to choose I - slightly different values of C as a function of mud density, and use 
the simpler relation R - without significant l o s s  of accuracy. 
We began by choosing sets of Overton's data with constant mud 
mf - KmRm* 
density (mainly from their Table 2, supplemented where possible with a 
few points from their Table l ) ,  and then calculated C and the Rm 
exponent, m', for a given constant mud density using a linear 
regression to €it the logarithmic form of their relation, l o g  c = log 
- m'log R . The results are shown in Table 1. We see that both C Rm f m 
and F.' vary erratically. In fact, the weighted mean of m' f o r  these 
48 sets of (mostly) lab data is not 1.07 but 1.01. This encouraged us 
to search for a correlation including lignosulfonate muds similar to 
Overton's, but using an exponent of 1.0 instead of 1.07 for I? . m 
Our experimental work was done both in the field and the 
laboratory. Mud densities were measured with a conventional Faroid 
mud balance; filtrate was obtained using 2 conventional 100 psig, lab 
temperature Baroid filter press; and K and P measured with a Baroid 
Resis t iv i ty  Meter ( 2  electrode) or a Schlumbrrger EMT-D meter ( 4  e lec-  
trode). Both of the resistivjty meters were calibrated using a series 
of NaCl solutions of varying salinity. We estimate the standard error 
m mf 
of o u r  resistivity measurements at 11%. 
Figure 1 shows a plot of I( = R ,/X versus mud density for 
Overton's non-lignosulfonate mud d a t a .  Figure 2 shows a similar plot 
for lignosulfonate muds used in six wells recently drilled in the 
Texas-Louisiana C u l f  Coast area. The soljd curves are "eyebnl I "  fits 
to the data. Although the fitted curves a r e  different in detail, F i g .  
m rn, m 
-5- 
3 ,  showing only the two curves superimposed, demonstrates that they 
'-actually track rather well. 
Figure 4 shows the lignosulfonate data using a semilog plot of K 
m 
versus mud density, and Fig. 5 i s  a similar plot which includes both 
the lignosulfonate and non-lignosulfonate data. A fit to the data of 
Fig. 5 resulted in the equation 
= loglo [ ] = -396 - .0475 pm . . . . . . (1) loglo Km 
where p is mud density in pounds per gallon. This equation is 
plotted on both figures 4 and 5 as a solid curve, and seems a 
reasonable fit to both sets of data. 
m 
Table 2 gives the results of o u r  comparison of the different 
commonly used methods of estimating R from R . For each method, we 
show the % standard deviation of estimated R as compared to the 
We see that the results fall into known (measured) value of R 
three classes, regardless of mud type. The two worst methods f o r  
estimating R are: Overton & Lipson's correlation using log header Rm 
data; and R These show standard deviations of about 68%. 
A better method is to estimate RmG from log header R values. This 
shows a standard deviation of 3 4 2 .  The last two methods are best, 
namely: Overton b Lipson's original correlation using measured values 
of Rmf and mud density instead of l o g  header data; and t h e  new 
correlation given by equation (1) above, a l s o  using measured R and 
mud density values. Use of equation ( 1 )  a l s o  avoids a linear inter- 
5 polation from n table givep in the 1385 Schlumberger Chart Rook. 
These correlations both show ;I standard deviation of 2 6 X .  
mf m 
mf ' 
mf * 
mf 
= .75 Rm. mf 
mf 
m f  
- 6-  
In only two wells were the authors directly involved in gathering 
and mud 
density. These were the TXO Bruce # 1  well, and the Secondary Oil & 
Gas De Lee # I  well, both in Galveston County, Texas. For these two 
wells, where we are most confident of the data, the results when using 
Rmf 'the mud samples and making the measurements of Rm, 
our new correlation are excellent - a standard deviation of only 13% 
between estimated and known (measured) R values as ccmpared to 21% 
and 16% for the Overton relation using measured R and p data. An 
error of 13X approaches the accuracy of the Iceasured F. and R values 
themselves. Figures 6 & 7 show just how well the estimated and 
measured R values agree for these two wells. 
mf 
n! UI 
m mf 
mf 
DISCUSSTON OF RESULTS -
East of the lignosulfonate mud data we have discussed have 
measured R values between . 1  and 2.0 ohm ceters at 75°F.  In one well 
however, the Republic Energy D & M Cattle Co. #1, Grimes County, 
Texas, nearly all the measured R values were greater than 2.0 ohm 
meters at 75°F. Fox this well, the correlation we have developed does 
not predict the measured Rmr values well. (See Fig. 8.) The estimated 
values track the relative changes of measured K niodestly well, Rmf mf 
but the quantitative match of estimated and measured P is  very poor, 
with errors approaching 100%. We don't know whether this poor result 
I 
m 
m 
mf 
is due to had data, or  a failure of our correlation f o r  these high R m 
values. For now, we must assume the latter. Similarly, we have very 
little data on very saline muds. At presect, we recoInmend use of the 
correlation given by equation (1 )  only for . I  < Rm < 2.0 ohm meters at 
75°F. Fortunately, this includes most "fresh water" mud systems. 
-7- 
CONCLUSIONS 
--I. The exponent 1.07 is not justified in Overton and Lipson's 
= C(R .) . Using an exponent of 1.0 with correlation, 
slightly different values for C works just as well and is easier 
to apply. 
1 .07  
Rmf m 
2 .  Both Overton & Lipson's correlation, and a new one we have 
developed, 
l o g l o  [ + ] = -396 - .0475 p, ....................... ( I )  
work well in all types of fresh water muds, provided that: 
3 .  
4 .  
5. 
6 .  
a) .1 < R c 2 . 0  ohm meters at 75"F, and 
b) measured values of R and p are used rather than values 
m 
m m 
inferred from l o g  header data. 
Use of the correlation R = .75 R is not advisable. 
Use of Rmf values estimated from l o g  header 
advisable. 
If possible, Rm, Rmf, and p 
vary rapid1 y . 
If measurement of R 
measured daily, and R estimated using equation (1). 
m€ m 
data is not Rm f 
should be measured daily, since they m 
daily is not practical, Rm & pm should be 
mf 
mf 
SYMBOLS 
-- Rm = mud resistivity; ohm meters 
Rmf = mud filtrate resistivity; ohm meters 
Km 
= mud density; pounds per gallon 'm 
- Rmf/R,; dimensionless 
C = Rmf/(Rm) 1.07 ; (ohm meters) -.07 
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Mud 
Density 
( P P d  
-- 
Number of 
Samples 
(n> 
C m' 
8.9  
9 . 0  
9 . 5  
9.7 
10.0 
13 
10 
13 
4 
8 
0 . 7 6 3  
0 . 8 7 8  
0 .855 
0 .796  
0 .814  
0.89  
1 . 0 4  
1.07 
1.00 
1.10 
Weighted average of m' for all samples = 1.01 
Tab le  1. 
C and m' for several constant mud density values, Overton & Lipson 
(non-lignosulfonate) data. 
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1 
I 
c 
c. 
Overton and Over ton  and 
L i p s o n ' s  L i p s o n ' s  
Number of Log C o r r e l a t i o n  C o r r e l a t i o n  Rm 
Well  N a m e ,  Number, and L o c a t i o n  Samples Header Using Log Using Mea- C a l f u f a t e d  
by ' equ . ( l )  o r  O the r  Source of  Data  s u r e d  R Rmf=. 75R, Header Rm 
Rmf rn (n) 
Chevron J o s e  Rodriguez d l  98 33% 61% 106% 23% 232 
Cameron County,  Texas 
Chevron W .  S .  ? foo thea r t  11 1 7 1  35% 113% 36% 22% 25% 
i Cameron County,  Texas 
Chevron Cameron Pa rk  111 
Cameron County,  Texas 
TXO P r o d u c t i o n  Bruce d l  
G a l v e s t o n  Cour.ty, Texas 
6 3  319, 51% 33% 24Z 1 t3z 
40 34x 31X 40% 2 1 %  139, 
2 4  40X '40% 21% 24% Chevron S t a t e  Lease 932 1/32 
Grand I s l e  Rlock 26, L o u i s i a n a  
16X Secondary O i l .  6 Gas I n c  DeLee lil 15 no openhole  20% no openhole  
w e l l  l o g s  w e l l  logs 
31% 
13% 
40% 39% --- 31 % L a b o r a t o r y  Fiuds S tud ied  by 42 --- 
Overton a n d  1 , ipson  (1958) 
F i e l d  Muds S tud ied  by 
Over ton  and Lipson  (1958) 
372 38% A l l  Muds s t u d i e d  by 88 --- 68% --- 
Over ton  ar.d Lipson 
(Non-Lignosulfonate)  
A l l  L i g n o s u l f o n a t e  Muds 3 1 1 34% 69% 67% 23 X 
( f rom t h e  s i x  w e l l s  l i s t e d )  (n=296) (n-296) 
- 
399 342 69% 6 7 %  26Z 26% A l l  Muds ( i n c l u d e s  t h e  s i x  w e l l s  
p l u s  Overton and L i p s o n ' s  d a t a )  (n=296) (n=296) 
Table  11. P e r c e n t  S t a n d a r d  D e v i a t i o n s  :or V a r i o u s  Methods of  E s t i m a t i n g  R mf 
- 
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COMPACTION OF GULF COAST SHALE AND SANDSTONES 
SUMMARY AND DISCUSSION 
K. GRAY/E. FARENTHOLD - UTA 
I '  
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Ceiiferjor EmthScieiices & Engineerirzg 
BnlconesResearchCeizter. 10,100 Burnet Rd.-Allsti?z,Texns 78758-  (512)471-7190 
March 18, 1986 
H. F. Coffer 
EG&G C h a n d l e r  E n g i n e e r i n g  
7707 E. 3 8 t h  S t .  
T u l s a ,  OK 74145 
Dear Hank: 
E n c l o s e d  is a s u m m a r y  o f  my p r e s e n t a t i o n  a t  t h e  G e o p r e s s u r e d  
I n d u s t r y  F o r u m  i n  H o u s t o n  o n  March  5 ,  1986 ,  a n d  c o p i e s  o f  t h e  
t r a n s p a r e n c i e s  u s e d  t o  s c p p o r t  t h a t  p r e s e n t a t i o n .  
If you n e e d  a n y  a d d i t i o n a l  i n f o r m a t i o n ,  p lease  l e t  m e  know. 
E. P. FAHRENTHOLD 
Ass i s to r i t  P r o f e s s o r  
EPF/ r s  
e n c l  
3 
Resea r  c ti Act i v i  t i e  s Summar y 
l lCompaction of Gu l f  C o a s t  S h a l e  and S a n d s t d n e "  
G e o p r e s s u r e d  I n d u s t r y  Forum 
Hous ton ,  T e x a s  
March 5 ,  1986 
E. P.  F a h r e n t h o l d  and K .  E. Gray 
Compact ion t e s t i n g  on g e o p r e s s u r e d - g e o t h e r m a l  r e s e r v o i r  r o c k  h a s  
i n c l u d e d  u n i a x i a l  and t r i a x i a l  tests on s a n d s t o n e  and s h a l e  ( S l i d e  81). 
The u n i a x i a l  tests s i m u l a t e  o n e - d i m e n s i o n a l  r e s e r v o i r  c o m p a c t i o n  w i t h  
p o r e  p r e s s u r e  drawdown, w h i l e  t h e  t r i a x i a l  t es t s  p r o v i d e  an i n d e p e n d e n t  
measure of m e c h a n i c a l  r o c k  p r o p e r t i e s ,  i n  t h i s  c a s e  u n d e r  c o n s t a n t  p o r e  
p r e s s u r e  c o n d i t i o n s  ( S l i d e  1/21. 
M o d e l l i n g  of these tes ts  h a s  t a k e n  two forms ( S l i d e  1 3 ) .  P o l y n o m i a l  
i n t e r p o l a t i o n  of t h e  s t r e s s - s t r a i n  c u r v e s  p r o v i d e s  i n c r e m e n t a l  v a l u e s  Of 
t h e  l o a d i n g  and u n l o a d i n g  modu l i .  S e c o n d l y ,  a n o n l i n e a r  c o m p a c t i o n  model 
of t h e  r o c k  b e h a v i o r  h a s  been  f o r m u l a t e d  a n d  w a s  d i s t r i b u t e d  i n  t h e  
December 1985 p r o g r e s s  r e p o r t .  T h i s  work is  s c h e d u l e d  for  p u b l i c a t i o n  i n  
t h e  J o u r n a l  - o f  E n e r g y  R e s o u r c e s  T e c h n o l o g y ,  ASME,  i n  J u n e ,  1986. More 
recent work w i l l  be r e p o r t e d  i n  a p a p e r  t o  be p resen ted  at t h e  27 th  U. S. 
Symposium on Rock Mechan ics  i n  J u n e ,  1986. 
A d d i t i o n a l  t e s t i n g  e q u i p m e n t  h a s  b e e n  o b t a i n e d  o r  r e q u e s t e d  t o  
e n h a n c e  t h e  e x p e r i m e n t a l  f a c i l i t i e s  e m p l o y e d  i n  t h e  c o n d u c t  o f  t h e s e  
t es t s  ( S l i d e  8 4 ) .  S h a l e  s w e l l i n g  e q u i p m e n t  h a s  b e e n  d o n a t e d  from 
i n d u s t r y  r e s o u r c e s  t o  t h e  C e n t e r  f o r  E a r t h  S c i e n c e s  and  E n g i n e e r i n g .  I n  
a d d i t i o n ,  a n  e q u i p m e n t  p r o p o s a l  f o r  a r o c k  t e s t i n g  s y s t e m  h a s  b e e n  
p r e p a r e d  and s u b m i t t e d  t o  t h e  D e p a r t m e n t  of Energy  U n i v e r s i t y  R e s e a r c h  
Ins t r u m en t a t i on P r o  g r  a m. 
The  m a t e r i a l  w h i c h  f o l l o w s  p r e s e n t s  r e s u l t s  o f  c o m p a c t i o n  t e s t s  on 
s h a l e  and s a n d s t o n e ,  and l o a d i n g / u n l o a d i n g  m o d u l i  c a l c u l a t e d  from t h e s e  
laboratory tests ( S l i d e s  t5-19) .  
COMPACTION OF GULF COAST SHALE AND SANDSTONE 
E. P .  Fahrenthold 
Department of Mechanical Engineering 
K .  E .  Gray 
Department of Petroleum Engineering 
The Univers i ty  of Texas a t  Austin 
COMPACTION TESTING 
TRI A X 1  AL 
Constant Confining Pressure and Pore Pressure, 
Variable Axial Total  S t r e s s  
U N I A X I A L  
Constant Axial Total  S t r e s s  and Radial S t r a in ,  
Variable Pore Pressure 
MODELLING 
Polynomial Inter polat ion 
(Used t o  Calculate Incremental Values for Young's 
Modulus and Poisson's Ratio) 
Nonlinear Compaction Model 
(Progress Report, December 1985) 
EQUIPMENT ACQUISITION 
S h a l e  S w e l l i n g  and Related Equipment 
D o n a t i o n s  from I n d u s t r y  
DOE U n i v e r s i t y  R e s e a r c h  I n s t r u m e n t a t i o n  Program 
( P r o p o s a l  S u b m i t t e d  i n  December 1985) 
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REVIEW O F  GR.1 PROGRAMS 
LEO ROGERS - G R I  
I 
BROAD COmPRODUCTlON P OGRAM GOALS 
Prove Postulated Co-Production Techniques 
to Be Technically and Economically Viable 
Remove Technical and Economic Uncertainties 
that Inhibit Development of the Resource 
Identify Any Environmental Issues and 
Ways to Solve Problems or Concerns 
FOCUSED CO-PRODUCTION PROGRAM GOALS 
Development of Technically Efficient and Cost 
Develop Ways to Forecast When Scaling will 
Effective Ways to Process and Dispose of Brine 
Occur and How it Can Be Prevented or Controlled 
Develop Ways to Evaluate Co-Production Well 
Performance and to Project Deliverability 
amd Reserves / 
Develop Technical Data Base on GaslBrine Systems 
and Properties of Water Saturated Reservoir Rock 
Needed for Understanding of Co-Production 
. 
co+RomcTIm PROORAM LmIC 
PROGRAM DEVELOPMENT 
* b 
SEARCH FOR PROSPECTS PROSPECT ASSESSMENT 
Geology - Location 
Reserves 
Co-production potential 
Waterer-out Resemlrs 
Wet zones, Aquifers 
4 
4 
CONTACT OPERATORS 
Joint WAndustry 
Other 
coaperaiive venture 
CONOUCT WELL TEST 
-try operator 
GRI R8d3 program 
L
PROJECT ASSESSMENT 
R8d3 Suitability 
Tednical analysis 
Specific project plans 
Field tests, data 
Theory, Modeling 
* I 1 
I LONG TERM PRooucLloN I I OETAILEDANALYSIS I 
~ndu~try operator 
GRI monitor 
c 
OTHER cD-PRoDucTIoN 
PROJECTS WITHOUTGRI 
 
WORK BREAKDo\IvN SWTURE 
(FIRST LEVEL) 
__ 
CO-PRODUCTION PROGRAM 
ASSESS R & D 
PROSPECTS 
E EATON 
I 
OPERATOR 1 
DATA ANALYSIS. 
INTERPETATION. 
REPORTING 
u TEXAS ti= 
EATON 
OPERATOR 
Flow Diagram for Co-Production of Gas and Wator ProJecl A m  (1.1.3) 
PROJECT/ ACTIVITY 
Rationale tor Evaluating 
Co-Production Prospects (213) 
Reservoir Evaluation (216) 
Prospectus Generation 
'' Staged Well Experiments 
Mt Selman Geopressured. 
Watered-Out Experiment 
Hitchcock Geopressured, 
Watered-Out Experiment ; 
Port Arthur Geopressured, 
Watered-Out Experiment 
Site 4-Geopressured. 
Watered-Out Experiment 
Site 5-Geopressured. 
Watered-Out Expenrnent 
Site 6-Hydropressured, 
Watered-Out Expenment 
Specialized Piggyback 
Experiments 
Geopressured. Watered-Out 
Site 
Hydropressured. Watered-Out 
Site 
Hydropressured. Watered-Out 
Site 
h 
Process Evaluation (217) 
!Laboratory and Field Data 
, Acquisition 
Modeling 
Brine Treatment and Adverse 
Chemlcal Reaction Evaluation 
1988 
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1089 
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47 
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#-49 
I 
G R I  Budget 
Co-Production o f  Gas and Water 
41 
3 
t l t l  
2 
1 
0 
80 81 82 83 84 85 86 87 88 89 90 
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GeopressuredlGeotheral Energy Program Co-Production of Gas br Water 
Program 
Methane from Geopressured Aquifers Program 
Stimulate comnercial development 
by the private sector of the 
geopressured/geotheral resource. 
o Resource characterization 
o Total Energy recovery heat- 
pressure-gas 
o Environmental problems assessment 
o Engineering problems assessment 
o Reduce investment uncertainty 
o Answer technical questions 
Field Program 
Conduct design well and well of 
opportunity tests. 
o Long term-High Risks projects 
Lab & Support ProRram 
o BrineIGas Chemistry 
o Rock Mechanics 
Conduct Co-Production 1169 projects 
of mutual interest to Industry and 
gas consumers. 
Identify and verify potential 
supply of uncoventional natural 
gas from aquifer and wet 
reservoirs. 
o Focus on gas recovery 
o Quantative resource estimates 
o Evaluate economic factors 
o Environmental issue 
o Brine and chemical problems 
o Wumerical Modeling 
o Reservoir EngineeringlManagent 
Priority Ranking 
1. Geopressured watered-out 
2. Hydropressured water-out 
3. Thin strangerslwet zones 
4. Geopressured aquifer dissolved 
reservoirs 
reservoirs 
gas 
Field Program 
Conduct RbD projects on wells 
provided by industry. 
o NearlMid Term Moderate Risk 
Lab & Support Pronram 
o BrinelGas Chemistry 
o Relative Permeability 
AREAS OF POSSIBLE COORDINATION 
DOE GEOPRESSURED-CEOTHER/GRI CO-PRODUCTION PROGRAMS 
General Protx-am . 
o Resource Assessment/Identification/Catagorization 
o Information/Reference Library 
o Cataloging/Appraising Numerical Simulators available or are needed for 
co-production problems. 
Field Projects 
o DOE/GRI/Industry gas well test (i.e. Port Arthur Geopressured Watered-out 
Gas Reservoir) 
o Hydropressured well test? (Depending on DOE program guidelines) 
o Total Energy Use Test (i.e. Brazoria County Test with EPRI) 
Lab-Support Projects 
o P.V.T.. Chemistry, Thermodynamics of Gas/Water 
o Relative P,emeability at High Water Saturation 
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GEOLOGY AND CO-PRODUCTION POTENTIAL OF SUBMARINE-FAN 
DEPOSITS ALONG THE GULF COAST OF EAST TEXAS AND LOUISIANA 
by Mary L. W. Jackson, M. P. R. Light, and W. B. Ayers, Jr. 
ABSTRACT 
Four reservoirs containing dispersed gas were examined 
for their co-production potential. Reservoirs in the Port 
Acres and Ellis fields produce from the Hackberry Member of 
the Oligocene Frio Formation, and two reservoirs in the 
Esther field produce from the lower Miocene Planulina Zone. 
Log-pattern and lithofacies maps, together with 
stratigraphic position, suggest that the reservoirs are in 
ancient submarine-fan deposits. Dip-elongate, channel-fill 
sands are characteristic; reservoir sands pinch out along 
strike. Growth faults, common in the submarine slope 
setting, form updip and downdip boundaries, producing 
combination traps. 
In the Ellis field, co-production accounts for 300 
Mcf ( 8 . 5  x lo6 m3) of gas per day. The Port Acres field 
contains the largest remaining reserves, but other technical 
and economic factors limit co-production potential there. 
Recent,drilling has extended primary production and delayed 
co-production in the Esther field. 
*Project supported by the Gas Research Institute, Contract 
No. 5084-212-0924. 
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INTRODUCTION 
During conventional production from a water-drive 
gas reservoir, mobile gas is removed from the gas cap. A 
considerable amount of dispersed gas remains in the water, 
however, after the field has watered-out (1). This 
dispersed gas can be recovered through co-production, or the 
simultaneous production of gas and water. During co- 
production, large amounts of water are pumped to the 
surface, lowering reservoir pressure and causing dispersed 
gas to expand; the gas then moves to the co-producing well 
and is produced with the water ( 2 ) .  If the reservoir has 
sufficient residual pressure and the pumped water can be 
disposed of easily, extended production of a field may be 
economically viable (1). To avoid costly well re-eiltry or 
drilling of new wells, co-production is best initiated in a 
watered-out reservoir before the wells have been plugged. 
Four reservoirs with co-production potential were 
selected for detailed study. The reservoirs are located in 
the Port Acres (Texas), Ellis, and Esther (Louisiana) fields 
(fig. 1). The lower Hackberry and Nodosaria 3 reservoirs, 
in the Port Acres and Ellis fields, are productive from the 
Hackberry Member of the Frio Formation, and the two 
Planulina Zone reservoirs in the Esther field are productive 
from lower Miocene sands. Several of the factors that 
determine the suitability of a reservoir for co-production, 
such as porosity, permeability, and reservoir volume ( 3 ) ,  
relate to the geology of the reservoir. 
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Therefore, for each of the reservoirs selected for study, 
all available data were used to interpret the depositional 
setting of the reservoir sand, the trapping mechanisms, and 
the volume of the reservoir. Original gas in place and 
remaining reserves were calculated, and the co-production 
potential of each field was assessed. 
HACKBERRY TREND 
The Frio Formation (Oligocene) is a major 
progradational wedge of dominantly sandy sediment that 
extends from Texas to Louisiana. Previous workers divided 
the Frio into three units using log character; the Hackberry 
Member is laterally equivalent to middle Frio sediments ( 4 ) .  
The upper boundary of the Hackberry sequence is marked by 
Marginulina texana; for the purpose of this paper the lower 
Hackberry will include the Nodosaria blanpiedi zone, 
although there is some dispute over the lower boundary of 
the Hackberry (5)(fig. 2 ) .  
The Hackberry Member w a s  probably  d e p o s i t e d  a s  a 
submarine-fan complex ( $ 6 ) ;  it is composed mainly of 
turbidite, or gravity-flow, deposits. The Hackberry 
Embayment,-containing Hackberry submarine fans, extends from 
southeast Texas eastward to.south-central Louisiana ( 4 )  
(fig. 1). The updip.limit of Hackberry sediments is the 
Hartburg flexure, which is moreOor'less coincident with the 
oldest growth-faults in the FFio (5). The unit thickens 
basinward, attaining more than 3,000 feet (900 m)(7). The 
lower Hackberry is relatively sand-rich, with nearly 
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continuous sand sequences up to 800 ft (240 m) thick; the 
upper Hackberry is almost entirely mud. 
Depositional channel-sand axes trend northwest- 
southeast in Texas and north-south in Louisiana (4). 
Hackberry reservoir sands are highly lenticular and dip- 
elongate; they are an important producing trend in the Gulf 
coast (5). 
A model of submarine-fan sub-environments (8) linked 
with spontaneous potential log patterns representing the 
different sub-environments (4)(fig. 3 )  was used to interpret 
the environments present in the Port Acres and Ellis 
Hackberry reservoirs. 
Port Acres Field --- 
Introduction 
The Port Acres field is located in east-central 
Jefferson County, Texas (fig. 1). Previous work on the 
Hackberry Member in this area of southeast Texas includes a 
report on the Frio Formation ( 9 1 ,  a study on cores from two 
wells in Jefferson County (lo), a discussion of geology and 
early production history of the adjacent Port Acres and Port 
Arthur fields (ll), and most recently a report on 
depositional systems and structural controls of Hackberry 
sandstone reservoirs in Jefferson and Orange Counties (4). 
Marker A4, based on log character and established in 
the Port Acres - Port Arthur area by Ewing and Reed (4)(fig. 
2 ) ,  was used in this study as the approximate top of the 
4 
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lower H a c k b e r r y  Member ( f i g .  4 ) .  R e f e r e n c e  t o  cross- 
I s e c t i o n s  f r o m  Ewing a n d  Reed ( 4 )  a i d e d  c o r r e l a t i o n  o f  t h e  66 
w e l l  logs  u s e d  i n  t h e  P o r t  Acres f i e l d  s t u d y .  
P r o d u c t i o n  H i s t o r y  a n d  S t r u c t u r e  
The p r o d u c t i v e  a rea  o f  t h e  lower H a c k b e r r y  r e s e r v o i r  
I i n  t h e  P o r t  Acres f i e l d  is a b o u t  2 , 5 1 5  acres  ( 1 . 0  x l o 7  m 2 ) .  
A t  p r e s e n t ,  o n l y  o n e  w e l l  p r o d u c e s  g a s  a n d  c o n d e n s a t e  f r o m  
lower H a c k b e r r y  s a n d s ;  t h e  f i e l d  h a s  b e e n  " s u b s t a n t i a l l y  
a b a n d o n e d "  s ince 1978 ( 3 ) .  The  H a c k b e r r y  "Main"  s a n d ,  
d e s i g n a t e d  a s  t h e  1 0 , 5 0 0  lower H a c k b e r r y  reservoir,  h a s  
p r o d u c e d  more t h a n  307 Bcf ( 8 . 7  x l o 9  m 3 ) ( 1 2 )  s ince  
d i s c o v e r y  i n  1 9 5 7 .  The H a c k b e r r y  1 0 , 4 5 0  s a n d ,  a s t r i n g e r  
s a n d  a b o v e  t h e  H a c k b e r r y  Main s a n d ,  a l so  h a s  p r o d u c e d  gas 
( f i g .  4 ) .  
Gas i n  t h e  r e s e r v o i r  i s  c o n c e n t r a t e d  i n  t h e  
u p p e r m o s t  1 4 0  f e e t  ( 4 3  m )  of lower H a c k b e r r y  s a n d s  ( f i g .  4 ) .  
G a s - b e a r i n g  s a n d s  are s e p a r a t e d  f rom d e e p e r  w a t e r - b e a r i n g  
sands by a s h a l e  wedge which is 30 feet ( 9  m) o r  more in 
t h i c k n e s s .  . -  
A grow-th f a u l t  w i t h  Q p  to  600 f e e t  ( 1 8 0  m )  o f  
d i s p l a c e m e n t ' s e p a r a t e s  t h e  P o r t  Acres f i e l d  f r o m  t h e  P o r t  
A r t h u r  f i e l d  t o  ' t h e  ea s t .  S t r u c t u r e  c o n t o u r s  o n  t o p  o f  t h e  
H a c k b e r r y  Main s a n d * s h o w  a p r o n o u n c e d  a n t i c l i n e  d e v e l o p e d  o n  
t h e  u p t h r o w n  s i d e  o f  a minor f a u l t ;  t h i s  f a u l t  f o r m s  a s ea l  
o n  t h e  s o u t h e r n  s i d e  of t h e  reservoir  ( f i g .  5). 
s a n d s  d e c r e a s e  r a p i d l y  i n  t h i c k n e s s  t o  t h e  n o r t h  a n d  eas t  of 
R e s e r v o i r  
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the field, and this pinchout completes the seal on the 
reservoir. 
A sand distribution map of the the Port Acres - Port 
Arthur area defines a canyon axis to the northeast of the 
Port Acres field containing sand thicknesses greater than 
600 feet (180 m)(l)(fig. 6). An arm of the canyon-fill sand 
extends to the south into the Port Acres field, and is 
prominent east of the main fault (fig. 7 ) .  However, this 
area of thicker sands does not contain the most gas. 
Comparison between Figure 5 and Figure 8 shows that the 
western, shallower side of the field, a broad area with 150 
to 200 feet ( 4 6  to 61 m) of sand thickness, is the main gas- 
bearing area; structural control is more important than sand 
thickness in the main part of the reservoir. Sand thickness 
decreases rapidly to the west where Hackberry sediments are 
confined by the canyon walls. 
Depositional Setting I 
Dip-alignment of Hackberry sands in the Port Acres 
area is evident (figs. 6 and 7 ) ,  suggesting deposition in 
the proximal portion of the submarine-fan system. The log 
patterns suggest a braided channel system with several. 
incised channel-fill sands (fig. 9 ) .  Spontaneous potential 
(SP) log patterns of the Hackberry Main sand in the central 
part of the field are blocky, suggesting channel-fill sands; 
patterns on the eastern half of the field show thinner, 
upward-fining sands, suggesting intermediate suprafan 
deposits. These sands pinch out in the eastern part of the 
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field (fig. 9 )  as well as to the north, where they 
interfinger with sand-poor overbank deposits. 
Ellis Field --
Structure and Field History 
The Ellis field is located in Acadia Parish, 
Louisiana (fig. 1). Major growth faults bound the field on 
the northwest and on the south (7,13)(fig. 1 0 ) .  The lower 
Hackberry, Nodosaria 3 reservoir sands pinch out and are 
faulted downward on the east, sealing them against slope 
muds. A fault with less than 150  feet ( 4 6  m) of 
displacement crosses the reservoir from northeast to 
southwest, separating it into two sections which maintain 
communication of fluids (3). The combined productive area 
of the reservoir is about 110 acres ( 4 . 4  x l o 5  m2). 
Approximately 4 5  Bcf (1.3 x l o 9  m3) of gas have been 
produced since field discovery in 1953 (12). The reservoir 
was shut-in in 1973, but one well was re-opened in 1977 and 
is now co-producing gas and water from the Nodosaria 3 sand 
in the northern part of the. field (3). In addition, the 
Nonion struma and Nodosaria 5 sands, above and below the 
Nodosaria 3 ,  produce both oil and gas from the Hackberry 
Member. 
Depositional Environment and Gas Occurrence 
The regional depositional setting of the Nodosaria 3 
sand is difficult to determine because only 17 wells have 
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been drilled in the Nodosaria Zone of the Ellis field and 
lithofacies maps of nearby areas were unavailable. An 
inferred submarine-fan channel system trends generally 
north-south, indicating dip-alignment of Hackberry sand 
bodies similar to that in the Port Acres field (fig. 11). 
The log-pattern map shows two areas of channel deposits 
separated by an area of inferred overbank sediments. The 
northern, gas-rich end of the Nodosaria 3 reservoir 
coincides with incised channel-fill and braided channel-fill 
sands (figs. 11 and 12). Similar, braided channel sands in 
the southern part of the field conta,ined much less gas, 
however, possibly due to structural control. The original 
gas-water contacts for the Nodosaria 3 sand are -11,725 ft 
(-3574 m) €or the southern part of the reservoir and -11,745 
(-3580 m) for the northern part. 
PLANULINA TREND 
The lower Miocene Planulina trend is located 
basinward of the middle Frio Hackberry trend (figs. 1 and 
2 ) .  It extends more than 150 miles (240 km) westward from 
the Mississippi River to southeast Texas (14,151. Regional 
dip on top of the Planulina Zone is to the south at about 
385 ft/mi (73 m/km) in Vermillion Parish, Louisiana, and the 
zone thickens southward (14). The increase in thickness is 
partially attributable to increased sediment accumulation 
across growth faults that have vertical displacements as 
great as 1,000 ft (305 m)(15,16). Hydrocarbons in the 
8 
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Planulina trend are found in anticlinal, domal, 
stratigraphic, and combin tion traps. 
Initial discovery of gas in - Planulina sands was made 
in 1945, in Cameron Parish, Louisiana, at the western end of 
the trend. Development of the trend was slow for the next 
20 years because of failures caused by inadequate drilling 
techniques and geologic complexity. Improvements in 
drilling technology and exploration techniques, and a better 
understanding of the geology, have increased the success 
ratio and have generated more interest in the trend since 
the mid-1960's (15). 
. 
The term "Planulina Zone" is informally used by Gulf 
Coast geologists to specify a lower Miocene wedge of light- 
to dark-gray marine shale with interbedded sands. The 
Planulina Zone is recognized by the presence of the 
intermediate neritic to upper bathyal Planulina palmerae 
microfaunal assemblage, but contacts are uncertain and 
correlations are difficult and inconsistent (14,15,17,18). 
E f f o r t s  to determine the origin of Planulina sands 
led to suggestions that they were deposited in deltaic 
distributary channels (14,15,18), offshore bars (16,191, 
continental shelf sheet-sand deposits (14), or submarine 
fans (20). Because of the complexity of the stratigraphy 
and structure, clarification of the genesis of these deep- 
water sands requires an integrated regional study. 
Nevertheless, the Planulina Zone is part of a major Miocene 
progradational wedge. Within this wedge, the deep-water 
Planulina Zone lies basinward of, and below, shales 
9 
containing the intermediate neritic Siphonina davisi fauna, 
which is in turn overlain by a thick regressive sequence of 
brackish through continental strata (lS,l8): the Planulina 
Zone overlies shales containing the upper bathyal Abbeville 
faunal assemblage. The deep-water origin of the Planulina 
Zone and its position in the sequence of strata suggest that 
the Planulina strata were deposited on the outer continental 
shelf to upper slope. From these observations and from the 
, analysis of spontaneous potential well-log patterns, we 
infer that the Planulina sands were deposited in a setting 
similar to that of the Hackberry. 
Esther Field 
Field History, Geology, and Methodology 
The Esther field, located in the Planulina trend in 
central Vermillion Parish, Louisiana (fig. 11, was 
discovered in 1977. Since production began in 1978, 41 Bcf 
(1.2 x lo9 m3) of gas and 459,900 bbl (73,080 m3) of 
condensate have been produced (12) from two Planulina 
reservoirs, the 13,700 sand and the 14,060 sand. Recently, 
the field has been extended to the northeast. 
In the Esther field, approximately 1,000 ft (305 m )  
of marine shale with a few interbedded sands separates the 
13,700 sand from the overlying paralic and continental 
strata. Top of geopressure is near the top of the marine 
shale at about 12,700 ft (3,870 m)(3); the Planulina sands 
are geopressured. The 13,700 sand is separated from the 
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underlying 14,060 sand by 200 to 250 ft (60 to 75 m) of 
mudstone. 
A structure map (fig. 13) was drawn on top of the 
Cristellaria 5 sand which is approximately 1,800 ft ( 5 5 0  m) 
above the 13,700 sand. It is the closest mappable horizon 
to the Planulina sands. The Esther field lies in an 
anticlinal trap that formed on the south side of a major 
northeast-trending growth fault which offset the 
Cristellaria 5 sand by 300 to 400 ft (90 to 120 m). 
Because few geophysical well logs were available -- 
9 penetrate the 13,700 sand and 8 test the 14,060 sand -- 
and because the wells are located in a line nearly parallel 
to inferred paleostrike, interpretations of structure and of 
sand-body geometry and trends are tentative. Lacking 
regional structural and lithofacies maps, but recognizing 
the similarities between the Planulina and Hackberry 
depositional setting, we evaluated the Esther field using a 
submarine-fan depositional model. This model is consistent 
with that of L o c k  (20). 
Data from geophysical well logs were used to make 
structure, net-sand, net-gas-sand, and log-pattern maps for 
the 13,70,0 and 14,060 reservoirs. In view of the 
similarities between the 13,700 and 14,060 reservoirs, only 
the former reservoir will be discussed. 
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Depositional Environment and Gas Occurrence, 
1 3 , 7 0 0  Sand 
The structure map on top of the 13,700 sand (fig. 
14) and cross section B-B' (fig. 15) demonstrate the fault- 
bounded anticlinal trap and the gas-water contact. They 
also show that the field'is bisected by a minor non-sealing 
( 3 )  fault with about 150 ft (45 m) vertical displacement. 
If, indeed, the minor fault is nonsealing, it probably does 
not bisect the entire field as shown, in view of the offset 
of the reservoir sands against mudstone (fig. 15). 
The net thickness of sands (fig. 16) ranges from 25 
to 7 7  ft (8 to 23 m). Sand t h i c k n e s s e s  a r e  a b o u t  10 f t  ( 3  
m) greater on the downthrown side of the minor fault, 
suggesting syndepositional fault movement. Dip-elongate 
(north-south) sand-body trends are inferred from the 
regional paleoslope and from the Hackberry analogue. 
Spontaneous potential (SP) response for the 13,700 sand 
(fig. 17) shows inferred braided channel-fill sands (blocky 
SP log patterns with shale partings) and incised channel- 
fill sands (blocky SP log pattern with few shale partings) 
coincident with dip-elongate sand-body trends of the 
lithofacies map (fig. 16). Two possible channel systems are 
identified. The larger system encompasses the eastern third 
of the field; the smaller system lies in the western third 
of the field (fig. 17). Sntermediate suprafan (upward- 
coarsening log patterns) and overbank (serrate SP log 
patterns) deposits are marginal to the channel-fill sands. 
The net thickness of gas-bearing sand is estimated 
to range from 6 ft to more than 40 ft (1.8 to 12 m)(fig. 
18). High values of net gas sand (fig. 18) coincide with 
mapped channel axes (fig. 16). The original gas-water 
contact for the 13,700 sand is at'-13,763 ft (-4,195 
m)(figs. 15 and 18). The area of the reservoir is 1,420 
acres (5.74 x 10 m ) and initial gas in place was 71 Bcf 
(2 .0  x lo9 m3)(table 1). 
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RESERVE ESTIMATES 
Net-gas-sand maps were planimetered and initial gas 
in place was calculated for the lower Hackberry, Nodosaria, 
and Planulina reservoirs. Initial gas reserves were 
estimated by a volumetric method (2. Lin, personal 
communication, 1985). This method requires a knowledge of 
the initial (at discovery) reservoir fluid pressure and 
temperature, average porosity, gas saturation, volume of 
gas-saturated formation and gas gravity (table 1). From 
t h e s e  d a t a ,  f i r s t  t h e  p s e u d o c r i t i c a l  and p s e u d o r e d u c e d  
temperatures and pressures, then the compressibility factor 
for natural gas ( 2 1 ,  and finally the gas formation volume 
factor (Bg) can be derived (21,22,23,24). 
The equation-used to estimate the initial gas in 
place (IGIP) is: 
1 3  
Where A = area of field in acres 
h = effective net pay thickness in feet 
f = porosity fraction 
Sw = water saturation fraction 
Bg = gas formation volume factor (ftj/Scf) 
(25) 
The,remaining natural gas available for co- 
production (GCP) is estimated by the following equation: 
GCP = IGIP - total production to date. ....... ( 2 )  
Additional gas also may be produced from solution as a 
result of the large pressure drawdown sustained during co- 
production. However, methane solubility is estimted at 22  
Scf (4,900 m’) per bbl of water at the Port Acres field; 
hence, only 110 Mscf/day (3.1 x l o 6  m3/day) of solution gas 
could be obtained from a well producing methane-saturated 
formation water at a rate of 5,000 bbl/day (800 m3/day)(26). 
This volume of gas, which is insignificant compared to 
potential free gas production from the three fields, has 
been disregarded in the reserve estimates. 
The initial free gas reserve estimate €or the Port 
Acres field is 3 7 8  Bcf (1.1 x lo1’ m3), with 71 Bcf (2.0 x 
1 0  m ) of remaining gas in place (table 1). Earlier 9 3  
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estimates by Halbouty and Barber (27) ranged from 400 to 500 
Bcf (1.1 to 1.4 x lolo m3) whereas Howell and others (3) 
indicate a range of 326 to 374 Bcf (0.9 to 1.1 x lolo m3) of 
remaining gas in place. They estimate an additional 
recovery of some 9.6 to 28.2 Bcf (2.7 to 7.9 x lo8 m3) using 
co-production techniques which would require the removal of 
up to 20 million bbl (3.0 x lo6 m3) of water (3). 
The initial free gas reserve estimates for the 
Nodosaria 3 reservoir (Ellis field) vary from 48 to 56 Bcf 
(1.3 to 1.6 x 10 m ) with some 7 to 11 Bcf (2.0 to 3.1 x 
10 m ) of gas presently remaining in place when calculated 
by equation 2 (table 1). Five to 10 Bcf (1.4 to 2.8 x 10 8 
m ) of remaining gas in place was estimated using p/z data 
9 3  
8 3  
3 
( 2 .  Lin, personal communication, 1985). Howell and others 
( 3 )  indicate that a gas production rate of 1,000 Mcf/day 
7 3  3 (2.8 x 10 m /day) and 3,000 bbl (477 m ) of water per day 
can be sustained in the Ellis field for 10 years, which 
gives a total volume of 3.65 Bcf (1.0 x lo8 m3) of co- 
produced gas. 
Initial gas in place in t h e  Planulina reservoirs 
(total for the 13,700 and 14,060 sands) is estimated at 139 
Bcf (3.9 x lo9 m3) with 97 Bcf (2.7 x lo9 m3) of gas 
remaining in place (table 1). 
of additional gas can be recovered from the Esther field by 
At least 7 Bcf (2.0 x lo8 m3) 
producing up to 10,000 bbl (1,589 m 3 1 of water per day (3). 
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CONCLUSIONS 
The submarine-fan depositional setting of Hackberry and 
Planulina reservoir sands controls several reservoir 
properties. Gas reservoirs are dip-elongate, channel-fill 
sands which pinch out laterally into overbank muds. Growth 
faults, common in the submarine slope environment, bound the 
fields on one or more sides, producing combination traps. 
The trapping mechanisms, growth faults and pinchouts, 
restrict reservoir size, but they also retard water invasion 
during pumping, which may allow for increased mobility of 
dispersed gas. 
Of the three co-production fields studied, the Port 
Acres has the largest remaining reserves, but other factors, 
such as leasehold costs, sand production controls, and 
artificial lift requirements, (3) affect the economic 
potential of co-production in this reservoir. Eaton 
Operating Co., Inc. estimates that if 6 wells are used in a 
co-production project, each well should need to pump only 
1,000 bbl/day ( 159 m3/day) (3 1 .  
Secondary gas recovery is now underway at the Ellis 
field. A well in the northern part of the field was re- 
activated in 1977; water production since then has been as 
high as 2,400 bbl/day (381 m3/day)(3). 
3 has produced 1,200 bbl (191 m ) of water and 300 Mcf (8.5 x 
i o 6  m ) of gas per day, and it is estimated that reduced gas 
saturation will compensate for declining reservoir pressure 
to extend co-production through 1996 ( 3 ) .  
Recently the well 
3 
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Some wells in the Esther field are watering out and 
are suited for co-production. Primary production in the 
Planulina Zone continues, however, and additional wells have 
recently been completed on the northeast side of the 
reservoir. Co-production possibilities, therefore, may be 
re-evaluated at a later date. 
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ABSTRACT 
Conventional production in a water-drive gas 
reservoir terminates vhen the producing wells load 
up with water. This leaves high pressure by-passed 
gas in the vatered out areas and in the gas cap 
updip of the vatered out wells. Generally, 
recovery from water drive gas reservoirs is much 
less than that from depletion type gas reservoirs. 
In the proposed co-production process, as the 
dovndip wells begin to wster out, they are 
converted to high-rate water producers while the 
updip gas wells maintain gas production. 
tion of the co-production process can enhance 
recovery in three ways. The production of water 
will lover reservoir pressure and more gas vi11 be 
produced due to expansion. Water production will 
slow down the advance of the water front. A l s o ,  
previous immobile gas in the swept zone might 
become mobile again as the pressure is lowered. 
The process is applicable in moderate to active 
vater drive gas reservoirs with the greatest 
economic potential from those not yet watered out. 
Utiliza- 
Basic material balance analysis, tank model 
simulation and a preliminary economic analysis 
demonstrated the technical and economic feasibility 
of the process for a case study, the Louisiana Gulf 
Coast Eugene Island Block 305. 10,300 foot sand gas 
reservoir. This study also shows that the 
co-production technique could result in a 
substantial increase in recovery efficiencies in 
many other water drive gas reservoirs under 
specific economic conditions. 
INTRODUCTION 
Water drive gas reservoirs generally have much 
lover recoveries than depletion drive reservoirs. 
In a water drive gas reservoir, the reservoir 
pressure is maintained by the encroaching water. 
The stronger the vater drive the higher the 
reservoir pressure remains and the faster the water 
invades the field. Since residual gas saturation is 
independent of pressure, larger amounts of gas 
(residual gas) are trapped at the higher pressure 
than for lover stabilization pressure. 
A technique of added recovery benefits in 
strong vater drive gas reservoirs is the accelerated 
blovdovn method (Ref. 1 6 2). In essence the 
concept is to outrun the vater influx by producing 
gas at accelerated rates. Reservoir pressure is 
reduced before the aquifer can respond fully. 
However, usefullness of the process is limited in 
many cases. Deliverability controls due to sales 
contracts or production facilities may disallow high 
production rates. High permeability reservoirs s h w  
dampened efficiencies due to high water mobility. 
Resevoirs with a great deal of permeability 
variations show a reduced effectiveness of the 
method due to the uneven advancement of water. 
Water coning and well sanding problems may cause 
many operational problems. Oftentimes the scale of 
economic investment required to implement this 
process defers application. 
The Louisiana State University Department of 
Petroleum Engineering and Center for Energy Studies 
(CES) are presently researching and promoting 
another enhanced gas recovery method refered to as 
the co-production technique. The research is 
sponsored by the Gas Research Institute (GRI), 
Chicago, Illinois. Various companies are actively 
paticipating by providing data and technical support 
to further reaearch development. 
CO-PRODUCTION TECHNIQUE 
The co-production process is defined as the 
simultaneous production of gas and water. The 
initial attempts of enhanced gas recovery by 
co-production focused on the depressurization of a 
totally watered out reservoir by withdrawing large 
volumes of water (Ref. 3). This is technically 
2 
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feasible and economically applicable in some cases. 
In case of unfavorable gas relative permeability 
characteristics extremely large volumes of water 
must be removed to immobilize the gas. The cost 
involved to rework a shut in field and handle large 
amounts of two phase gas and water production at 
high water gas ratios might also be prohibitive. 
The LSU study directs the application of the 
process to water drive gas reservoirs not yet 
totally watered out. The process requires 
converting dovndip wells as they water out to water 
producers while gas production is maintained updip. 
The production of dovndip water enhances recovery 
in three ways 1) slow dovn the advance of water 
front thus delaying the watering out of wells, 2) 
reduce reservior pressure so more gas can expand 
and be produced, and 3) reduce pressure in the 
w e p t  zone so previously immobile gas can expand 
and might be produced. The updip gas vells can if 
warranted be produced at high rate thus 
incorporating the benefits of the accelerated 
blowdovn method. 
The implementation of the co-production 
technique during the primary life of a gas 
reservoir and using existing wells and 
infrastructure represents the greatest potential 
for its technical and economic feasibility. 
RESERVOIR SELECTION 
All types of water drive reservoirs are 
considered as candidates. However, adequate 
geological control and production history are 
necessary to define the reservoir shape and initial 
gas/,water contact and for accurate technical 
evaluation of the field. 
The ability to produce gas from an existing 
well with some primary production remaining is 
required. Also required are watered out wells 
to be converted to water producers. Prospects 
requiring the drilling of new wells are much less 
attractive from an economic viewpoint. 
The availability of a surface disposal site 
for the produced vater is preferable as it will 
enhance the economic potential of the prospect 
reservoir. Selection criteria might be modified in 
the future as more experience is gained. 
Several candidate study fields were selected 
while working in conjunction with various oil and 
gas companies. Chevron suggested the Eugene Island 
Block 305. 10.300 foot sand resetvoir as a 
potential reservoir for the application of the 
eo-production process. It is a moderate water 
drive gas-condensate reservoir which was put on 
production in late 1979 with six gas producing 
vells. Presently, three dovndip wells are watered 
out vith a fourth developing an Increasing vater 
cut. There Is good geological control to support 
the field description. The reservoir ia located In 
an offshore area so surface disposal of treated , 
water Is possible. As of January 1 ,  1985 142 BCP 
of gas out of an original estimated 274 BCF of gas 
has been produced for a 52% recovery. Strong 
technical eupport data, core testa. fluid analysis 
and pressure measurements enable thfs reservoir to 
meet all the selection criteria previously 
mentioned. 
RESERVOIR SzvDy 
Various production schemes must be considered 
to determine the maximum possible ultimate recovery. 
The first case to be examined is the conventional 
production base case. vhere the reservoir is allowed 
to continue as in, without any vater producers, 
until waterlng out. Under the co-production process 
the choices are 1.2 or 3 water wells on. Each 
additional water vel1 may increase recovery but it 
will also increase costs. This becomes an economic 
decision once the technical evaluation to estimate 
future recovery for each case is complete. 
'he reservoir description, all production data 
as well as all previous engineering and geological 
evaluations are revieved first. Volumetric analysis 
could be used to determine and/or confirm current 
gas water contact. Next the possible water 
producers ace analyzed for estimated maximum water 
production by artifical lift. A simple material 
balance approach is then used to estimate the range 
and magnitude of predicted recoveries for the 
conventional field production method and for the 
co-productlon method. With refinement this method 
may give reasonable conclusions without further 
analysis. For further study a tvo or three 
dimensional simulator can be used for a complete 
evaluation of the reservoir and its future 
performance.. The study concludes with an economic 
feasibility of the project based on estimated costs 
and predicted recovery. 
RESERVOIR DJSCRIPTIOW AND PROPERTIES 
Eugene Island Block 305 in the 10,300 foot sand 
is a moderate water drive gas condensate reserovir. 
It is loccited approximately 100 miles off the 
Louisiana shore in 240 feet of water. A structure 
map is s h m r  in Pig. 1. Six wells were completed in 
this sand in 1979. Original gas in place is 
estimated to be 274 BCF for a reservoir volume of 
135.730 acre feet. 142 BCF of gas and 4.4 UM STB of 
condensate have been produced through December 
1984. 
Because of the large sire of the reservoir 
detailed fluid and core analyses were justified 
during the exploration phase. Average reserovir 
properties have been carefully evaluated and are 
summarized in Table 1. Laboratory 
tests .Included bulk compressibility measurementn, 
relatfve I permeability curves. ~ residual gas 
saturation tests. PVT analysis and conventional core 
analysis. Condensate recovery during depletion was 
also tested. This information aided substantially 
in the modeling process. 
The reservoir vas found to be very 
heterogeneous such variations in permeability and 
porosity allow for uneven sweep and uneven 
advancement of vater. Approximately 5.5 years of 
gas, water and oil production data is available. 
Numerous static bottomhole pressure measurements 
have been made. Gas re-cycling for additional 
Condensate recovery during the early life of the 
reservoir was considered but determined 
uneconomica:l. 
All wells were completed and tested in 1979. 
34" or 4" tubing was installed in all wells. Wells 
B - I  and B-XI3 have a short segment of 2 718" tubing 
I .  
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just above the perforation. Average well depth is 
11,048 feet. All wells tested at rates greater 
than 20 MMCFD. None are gravel packed. Well B-10 
vas shut-in in early 1983 due to high water cut and 
vorkover problems. Well B-7 vatered out three 
months afterwards. Well B - 2 ,  even though updip of 
Well B-3, showed early vater production. This could 
be due to perforation position and uneven vater 
advancement. Well B-3 is presently shoving an 
increasing water cut and Well B-2  has watered out. 
VOLLPETRIC ANALYSIS 
Simple volumetric calculations are a good 
supportive evaluation that can be used to confirm 
basic data such as the size of the reserovir and 
location of the original gas-water contact. 
Simultaneous equations are generated to express 
reservoir voldage volumes. Production data through 
April 19e3 vas used. At that time the most 
downdip vell I s  known to water out and a new 
gas/uater contact can be assumed at that level. 
Assuming that reservoir pressure is fully 
maintained in the invaded portion of the reservoir, 
the total gas produce? can be expressed as: 
G = G  + G  
P Pl P 2  - 0h [Areal (l-Sw)(bgi - B g 
+ Area (1-Sw-S )b (1.a) 2 gr gi 
Area total - Areal + Area2 (1.b) 
Volumetric evaluation confirmed the original 
estimated reservoir size and Initial gas-vater 
contact. 
MATER PRODUCTION E S T I U T E S  
In order to anticipate water producing ability 
as well as provide data for the computer model, 
estimates of well gas lift capacity must be 
prepared. Gas lift estimates were made on a LSU 
program using Hagedorn and Brovn two phase flow 
correlations (Ref. 4). It is estimated that vater 
can be produced at a rate of 2,000 STBWID. 
U T E R I A L  BALANCE APPROACH 
The use of the basic material balance equation 
can give a good approximation to the possible 
recoveries for the conventional case and the 
co-production case. For a gas reservoir the MBE 
:an be expressed as: 
This expression is used to represent different 
co-production schemes by varing W according to the 
lumber o f  water wells on. P 
Figure 2 shovs the predicted pressure history 
f o r  different production schemes. The W -0 case 
represents conventional production scheme.' h can 
be seen, reservoir pressure is lovered by water 
production. The more water is produced the lower 
the pressure that can be attained and in turn the 
longer the reservoir life and the higher the 
recovery. This cease to be true, however. beyond a 
water production rate of 10,000 Bbls/day. In this 
case the reservoir pressure reaches the chosen 
limiting value of 1500 psia much faster to the 
detriment of ultimate recovery. Table 2 lists the 
ultimate recovery as a function of rate of water 
withdraval. It should be noted that this approach 
does not take into consideration the actual 
reservoir geometry and vells locations. , '  
TANK HODEL 
Ristory matching and prediction of pressures 
and gas production are generated using CHEVRON'S 
"simple gas system" simulator. It is a layered tank 
model based on the material balance equation. 
Twelve layers vere used to describe the reservoir 
as shovn in Fig. 3. The watering out elevation of 
Well B-2 was adjusted to reflect its early vatering 
out. All other well elevations vere set to vater 
out at 3 / 4  of their perforations. The Schilthuis 
Steady-State Method was found to describe best the 
water Influx. The produced gas each year per vell 
was lnputed as 8 time dependent production schedule 
over the known history. Future performance of each 
well was controlled by deliverability equations. 
Vertical tubing description and early vell test data 
was inputed for each well. Flov capacities for 
future vell deliverability vere then computed by the 
Cullender and Smith method. The history match run 
used 1979 vell test data and the co-production used 
1984 vell test data to calculate deliverability. 
The Cullender and Smith values were considered 
up to tvo years before the wells would water out. 
Dnce this point is reached the rates are reduced, to 
portray more accurately the reduction in gas rates 
due to the vatering out process. The reduction I s  
done using known gas/vster ratios of wells in the 
same reservoir. The gas deviation factors were 
calculated from inputed gas analysis. The reservoir 
porosity, connate water saturation, reservoir 
pressure and temperature used In the program were 
all actual measured values. The remaining 
parameters, K, vater Influx constant and Cf, f o m a -  
tion compressibility were left as unknowns to be 
sdjusted to create the history match. 
U S T O R Y  HATCH 
A K value of 3.9 bbls/day/psi was found to 
give an accurate history match for a formation 
lompressibility of 20to 25 micro-sips. The 
:ompresaibility values derived from the history 
natching adjustment were found to be wlthin the 
ranges of the true measured formation 
:ompressibilitiea and considered acceptable. 
several runs were made to check the sensitivity of 
the history match to values of C and K. These runs 
:onfirmed the uniqueness of thefhistory match. The 
ristory match was continued into the future as a 
)ase run for conventional production as shovn in 
?is. 4. 
:O-PRODUCTION MODELING 
The tank model program does not handle water 
xoduction. In order to model the effective water 
tncroachment the aquifer strength is reduced, which 
Ls essentially what co-production does. 
For each 1000 psia drop range. the actual water 
Lnflux rate l a  first calculated for a K of 3.9 
,bls/day/psi. Then the vater production rate is 
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subtracted from actual vater influx to determine 
the effective water influx. The nev reduced water 
influx rate is divided by the pressure drop to find 
the "effective" K. The nev K is then used in the 
detailed co-production run. The greatest recovery 
was found for a total water production rate of 
6.000 Bbls/day vhich requires the use of three 
'tra t er " we 1 1s. 
Figures 5.6 and 7 shov the predicted pressure 
and production histories for both conventional and 
co-production schemes. Under the conventional 
recovery production scheme the reservoir is 
estimated to water out by 1988 vith a 62% recovery. 
Co-production allows the reservoir to continue 
producing until 1995 before watering out for a 
82.6% recovery. When the economic limit of 
co-production is reached it is possible to convert 
back to conventional production. That is turn off 
the vater wells and collect the remaining updip gas 
production at the highest rates possible. 
ECONOMIC A!!A.LYSIS 
In order to compare the profitability of the 
co-production technique to conventional production. 
economic runs were made using POGO (Profitability 
of Oil and Gas Opportunities) economic model. 
Representative economic parameters are used. These 
parameters are listed in Table 3. 
Results of the economic evaluation for 
conventional and co-production cases are summarized 
in Table 4. Present value cash flow before and 
after income tax and project life are given for gas 
prices ranging from $0.50 to $5.00/MCF. 
Figure 8 illustrates the present value cash 
flow before income tax as a function of gas price 
for conventional and co-production caaes. It 
should be also noted that payout time for all 
options considered is less than six months. The 
present value cash flow generated by co-production 
is about m i c e  that generated using conventional 
production at any gas price in the range 1.50 to 
$S.OO/MCF. At a gas price of (2.75IWCF the 
incremental present value cash flow before income 
tax gained by using co-production is of about $50 
million. The total capital investment is only $1.5 
mi 11 ion. 
CONCLUSIONS 
1. The co-production technique presents a viable 
technical method aimed at enhancing recovery 
from water drive gas resenroirs. 
2. The feasibility of the co-production technique 
in an actual case 1s demonstrated by the 
technical analyses of Eugene Island Block 305, 
10.300 foot sand water drive gas reservoir. 
The predicted recovery for the co-production 
case is 83% compared to only 62% for the 
conventional production approach. This 
represent an increase of 56 BCF. 
3. The economic analysis shavs the co-production 
technique to be a very attractive option of 
producing this reservoir. It i s  also antic- 
ipated that co-production can be economically 
feasible as well in many other water drive gas 
reservoirs under specific economic conditions. 
NOUENCLATURE 
G -  
G -  
G -  
G -  
B -  
P 
Pl 
P2 
g 1 
B -  
g 
Bw - 
'e 
w -  
P 
Areal= 
Area2- 
original gas in place, SCF 
cumulative gas production at time t. SCF 
gas produced by expansion, SCF 
gas produced by water drive, SCF 
original gas volume factor, RB/SCF 
(bgi = scf/rb) 
gas volume factor at tine t, RB/SCF 
(bg = scf/rb) 
water volume factor 
cumulative water influx at time t, res. 
bbl. 
cumulative water produced by 
co-production, res. bbls. 
uninvaded reservoir area, acre 
invaded reservoir area, acre 
AreaTotal-total reservoir area. acre 
Sv - connate water saturation, frattion 
I - porosity, fraction 
h - reservoir thickness, ft 
S - residual gas saturation, fraction 
gr 
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TABLE I 
Average Reservoir Propertlea. Eugene Inlnnd Block 305, 
10,300' 8and 
Original Renerooir Pre88ure: 
Current Rcnervoir Prensure: 
Acre-ft: 
~ I p i M ~  C O S  l a  P1OCe: 
POrO6iCy: 
Svi; connate v o t e r  saturation: 
Cas Craviry:  
Residual Cas Snturation: 
Condcn8ate Yield in 1980: 
Condensate Yield in 198L: 
API gr.vity: 
Re6crvoir Tcmptrsturc: 
Reservoir D8tum (subsea)  : 
8143 piin 
84800. p8in 
135.730 8C-ft. 
276 BCF 
24.61 
44.91 
.729  
30.01 
A2 bbl/WCF 
20 bblnMCF 
61.9' 
195'F 
11,180 ft. 
. 
. 
TABLE 3 
S w r p  of Econoeic P8r8metcrs Uncd i n  the Ev#luntion 
Capitol Investments: 
O p e r a t i n g  Expense.: 
Royalty: 
Uindf811 Profit Tax: 
Di8count Rate: 
Federal Iacume T u :  
Investwnt T u  Credit: 
Deductible Expense.: 
kDreCutiOD: 
Range of $0.5 t o  1 5 / H n  
82OIBbl 
(gas 8ad oil prices vere held c o u ~ t n a t  
during the entira l i f m  of the project) 
none, cowentionnl prediction 
$1.535.220, co-production 
$2.000/dny/*ell 
116 (off-8hore Federal L.8ae) 
New (Tier 111). $17/STB bn8e price 
151 
462 
102 Of tangible *Xp*U8e8 
802 of intnnglble expenses 
Accelerated Comt Recovetl Schedule. 
TMLE 2 
Recovery Predictlono Uain$ The 8aaic I(.terinl Balance Equation 
Pate of Water 
Production 
U BBLS/D 
0 
2,500 
5 . 0 0 0  
7. SO0 
10.000 
12.500 
170 
179 
188 
226 
229 
2 2 4  
l o r  a terminal pressure of 1500 psis 
C.8 ?rice 
( 8 IHCF) 
.so 
1.00 
1.50 
2.00 
2.50 
2.75 
3.00 
3.50 
4.00 
4.50 
202 of iatnngible8 plus 951 of t8ngiblos 5.00 
TMLL I 
LCONOWIC BESVLTS 
YVLTBIT 
Conv Co-Prod 
(mat) (rarl) 
3.6935 3.9627 
7.7936 12.5778 
12.5632 22.8321 
17.7139 33.7985 
22.8648 45.0604 
25.4401 50.7193 
28.0156 56.4186 
33.1665 67.8104 
38.3173 79.1699 
43.4682 90.6667 
48.6191 102.1235 
--
PVCFAIT 
Coav Co-Prod 
(nnl) . (ms) -- 
1.9945 2.0632 
4.2085 6.7538 
6.7841 12.2911 
9.5655 18.2130 
12.3470 21.2964 
13.7377 27.3610 
15.1284 30.6278 
17.9099 36.5794 
20.6914 42.7136 
23.4728 48.9111 
26.2543 55.1086 
2 
Recovery. 
62  
65 
69 
8: 
8 4  
82 
PROJTCI L I E  
b a v  Co-Prod 
(TR) 
1.5 
2.25 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0, 
- (YR) 
2.75 
5.17 
6.83 
8.33 
8.83 
9.00 
9.17 
9.62 
10.00 
10.00 
10.00 
P V C ~ I T  - PRLSLHT vum usn nov BEFORE INC(MI TU 
PVCIAIT -  PRES^ V ~ U E  CASH nix wrzn I n c m  w 
PROJECT LI?T - WIh7 XN TIKE YATRE OPWATIHC EXPENSES BE- 
CRLATER  WAN OPEIUTINC IPCLM l r ~ ~  tconmrc 
W Y S I S  IS IULTED. 
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PRESSURE PREDICTIONS 
EUGENE ISLAND BLOCK 305 
i 
T I M E ,  Ycorr 
pig. 5. Pressure History and Reservoir Life Predicted for Conventional 
and Co-Production Cases 
EUGENE ISLAND BLOCK 305 
DAILY PRODUCTION PREDICTIONS 
GAS, WATER, a L  
co- P lOdVClron  
1984 me5 1988 1 ~ 8 7  1988 1989 1990 1991 1992 1993 1994 
T I M E ,  Yeorr  
Fig. 7. Daily Gas. Oil and Water Production Rates Predicted for 
Conventional and Co-Production Cases 
EUGENE ISLAND BLOCK 305 
GAS PROOUCTIDN PREDICTIONS 
t w =- 70 >_ 9 60 -.**- ,*'-- 
123.761 MMCF ALREADY PRODUCED PRIOR TO 1984 10 
I t I I I I 1 
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
T I M E  ,Years  
Fig. 6. Cumulative Gas Production and Ultimate Recovery Predicted 
for Conventional and Co-Production Cases 
PRESENT VALUE CASH FLOW (DISC.= 15%) 
BEFORE F E D E R A L  INCOME TAX 
t o  00 1 2  OD 1 4  DO 
GAS PRICE, $/MCF 
F t p .  8. 
Ftiiirtlon of Gas P r i c e  for Convent ionnl  and Co-Protlilrtton C R ~ P S  
Present Value Cash Flow Before Federal  Income Tax a s  a 
TECHNICAL AND ECONOMICAL 
FEASIBILITY OF 
ENHANCED GAS RECOVERY 
IN THE LAKE PELT0 9600' SAND 
0
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SUMMARY OF RESERVOIR PROPERTIES 
FOR THE LAKE PELT0 9600' SAND 
Reservoir Area 
Average Thickness 
Total Volume 
Porosity 
s w i  
Gas Gravity 
Residual Gas Saturation 
(Imbibition) 
Reservoir Temp. 
38 acres 
4 1  feet 
1 5 5 8  ac-ft 
31% 
15% 
.65 
30% 
( o f  pore volume) 
190°  F 
Permeability, K 1100 md 
-3 3 B W z1.028 9, - 3 . 9 7 ~ 1 0  I f t  /SCF 
p , = . 3 4  cp 
Condensate (initial I y) 
b = 0 2 2 1 9 C p  
25.7 bbls/MMCF 
9 HISTORICAL PRODUCTION 
WELL 13-5 
REPORTED REVISED 
MONTHLY G A S  MONTHLY WATER MONTHLY WATER 
PRODUCTION PRODUCTION PRODUCTION 
DATE 
4-7 I 
5-7 I 
6-7 I 
7-7 I 
8-7 I 
9-7 1 
10-7 I 
11-71 
12-7 I 
1-72 
TOTAL 
MCF STBW 
65,468* I 
103,906 
92,584 
I 1  1,776 
148,958 
127,980 
175,776 6800 
146,233 2 7 3 6  
112,267 2284  
19,550 312 
I , 104,506 12, I 3 2  
ONTHLY OIL 
STBW STBO 
619 
2 2 5 8  
2 8 6 8  
3 I 2 2  
3566  
46 16 
6800 6800 
7000 2 7 3 6  
8060 2284 
2 0 3 0  3 1 2  
23,890 29,181 
rc 
I inc ludes  product ion f r o m  uni t  13-Wel l  4 I 
F
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SUMMARY OF RESULTS FOR MODEL ONE 
Case 
B a s e  Case 
13-54 on only 
No gas lift 
Case  2 
13-54 gas producer 
13-6 water  producer 
Case 3 
15-54 gas producer 
13-6 w a t e r  producer 
13-5 water producer 
Case  4 
13-54 gas producer 
13-6 w a t e r  producer 
13-5 w a t e r  producer 
13-4 I w a t e r  producer 
Cumulative Future Production 
Probable watering out in 6 months 
0.9 BCF o f  production 
4 I % tota l  recovery 
Gas lift f o r  7 years 
2.9 BCF o f  production 
82% t o t a l  recovery 
Gas lift f o r  6 years 
2.9 BCF o f  production 
82% total recovery 
Gas lift f o r  4 years  
3, I BCF o f  production 
85% t o t a l  recovery 
a w Y 3 
0
 
4
 
0
 
a 2 a LL 0 0 W 0 2 W 
c
 
X
 
W
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ARY OF RESULTS FOR MODEL TWO 
Case Cumulative Future Production 
B a s e  Case 
13-54 on only 
No gas lift 53% recovery 
Probable watering out  in 8-9 months 
1.5 BCF o f  production maximum 
Case 2 Gas lift f o r  9-10 months . 
13-54 gas producer I .68 BCF o f  production 
13-6 wate r  producer 57% recovery 
Case 3 
13-54 gas producer 
13-6 wate r  producer 65% recovery 
13-5 wate r  producer 
Gas lift for  9-10 months 
2. I 2  BCF o f  production 
Case 4 Gas lift for 9- I O  months 
13-54 gas producer 2. I 5  BCF o f  production 
13-6 w a t e r  producer 65% recovery 
13-5 w a t e r  producer 
13-4 I w a t e r  producer 
I 
5.00 
4.00 
3.00 
2.0c 
1 .oo 
. ,- 
REVISED ECONOMICS 
PRESENT WORTH NET PROFIT VERSES GAS PRICE 
13-54 Workover is $40,000) 
MODEL ONE 
/O 
/ 
/ 
/ 
/ 
/ 
/ 
/' 
MODEL ONE - BASE 
0- - 2 WATER WELLS 
h I 3 
PRESENT WORTH NET PROFIT (Millions o f  Dollars) 
6 
5.00 
4.00 
3.22 
3.00 
2.00 
1 .oo 
.4 1 
REVISED ECONOMICS 
PRESENT WORTH NET PROFIT VERSES GAS PRICE 
( 1  3-54 Workover is $40,000) 
MODEL TWO 
MODEL TWO 
o--a 2 WATER WELLS - BASE 
I I I 
1 2 3 
. PRESENT WORTH NET PROFIT- MILLIONS OF DOLLARS 
PLAN OF IMPLEMENTATION 
e Run TDT log and pressure t e s t  in gas well(s) 
e- Water production t e s t  in wa te r  well(s) 
+ workover t o  place gas lift a/idves 
+ t e s t  f o r  maximum w a t e r  production 
+ run TDT log 
+ pressure t e s t  
* PVT d a t a  and w a t e r  sample analysis 
QB Readjust  evaluations if necessary 
o Development o f  reservoir  when available 
+ set  up monitoring equipment f o r  engineering analysis 
+ commence production and reservoir  monitoring 
FUTURE WORK 
I, 
2, 
3, 
4, 
Cont inuat ion o f  working wi th  Chevron towards  a f ie ld  t e s t  o f  
t he  Eugene Island reservoir 
Continuation o f  development o f  operator  in te res t  and 
participation, also, continued development o f  informat ion 
d a t a  f i les 
Continuation o f  selection and study o f  potential reservoirs9 
geologic studies, reservoir  simulation studies, and re la ted 
well logging studies 
A detai led well tes t ing  program outline for potential f ield tes ts  
Q. APPENDIX 117 
N.E. HITCHCOCK SHALE STUDY 
K .  PETERSON - EOC 
N.E. HITCHCOCK SHALE STUDY - Kim P. Peterson/Eaton 
Detailed geologic study of t h e  NE Hitchcock Field, Galveston County, Texas, by both 
Eaton and t h e  BEG, along with a concurrent  reservoir evaluation of t h e  Frio 9,100' 
sand, set t h e  s t age  for t h e  initiation of a computer  model simulation. Early work in 
this  e f fo r t ,  f i rs t  under ICT and l a t e r  on by t h e  University of Texas, has  now been taken 
over  by Dowdle, Fairchild and Ancell (DFA) and has  been progressing qui te  well. 
Early work by DFA, however, raised questions as to the  variations in ver t ica l  as well 
as horizontal permeabilities throughout t h e  reservoir. Eaton was asked to look into 
t h e  possibility of shale  s t r ingers  ac t ing  as perm-barriers t o  the  upward flow of both 
gas  and water. Although t h e  shale  study is still  in progress, we have been able  to  
identify four "major" shale and numerous minor breaks above the  oriqinal gas  water  
contac t .  The following discussion will impart  some of the  information we have learned 
to date .  
The cur ren t  version of t h e  s t ruc tu re  on the  top  of t h e  Frio 9,100' sand is displayed in 
Figure I. The map has  recent ly  been revised in t h e  southeastern portion of t h e  field, 
between wells 3, 5 and 7 to reflect d a t a  received from a r ecen t  DFA modeling run. 
The field is exhibited as a highly faulted, northwest  plunging anticline, of modera te  
relief, t runca ted  on t h e  southeast by a low angle  a rcua te  down-to-the-coast growth 
fault. Faulting throughout t h e  field is of short displacement which allows pressure as 
well as fluid communication be tween t h e  blocks. Wells current ly  ac t ive  in t h e  field 
are as follows: 
!I 3 Phillips 
{I 4 SGR 
/I 6 SGR 
11 8 Damson 
1-Huff 
1 -Pre ts  
1-Thompson 
1 -Flake 
Cross section H-H (Figure 2), t aken  through t h e  cen t r a l  portion of t h e  field, trending 
north-northwest/south-southeast serves  a dual purpose. In addition to including the  
largest  producers, i t  is drawn paral le l  to t h e  axis of deposition and provides an  
excel lent  view for t h e  description of t h e  layering of the  Frio 9,100' reservoir. There 
a r e  t h r e e  major depositional even t s  which a r e  as follows: 
1. Fr io  B lower 
2. Frio B upper 
3. Fr io  A sand 
Sand deposition in t h e  NE Hitchcock Field a r e a  f i rs t  occurred in the  n o r t h c e n t r a l  
a rea ,  found locally around well H2, leaving a 40' sand lense. This period of sand 
deposition, t h e  Frio B lower sand, was followed by an area-wide draping of shale. The 
second event ,  t h e  Frio B upper sand, was somewhat  more widespread but  centered  
generally in t h e  northern half of t h e  field, leaving a section of approximately 20' of 
sand. This period of sand deposition was  followed by a longer period of quiescence in 
which 25' - 30' of shale  accumulated field-wide. The third and last major sand 
depositional event ,  t h e  Frio A sand, also was a widespread event  leaving a thick 
section of sand which is t h e  cur ren t  gas  producing reservoir. 
A depositional fac ies  map of t h e  a rea ,  encompassing t h e  NE Hitchcock Field, borrowed 
f rom Tyler-1984 (Figure 3) depicts  t h e  variation of energy levels t ha t  led to the  
accumulation of t h e  sands. All sediments  in t h e  a r e a  were  deposited in a distributary 
mouth bar  and associated environments. The region displays th ree  types of sand 
depositional sequences: 1)  upward coarsening in t h e  southern region, 2) upward fining 
in t h e  northward areas, and 3) mixed (i.e., both upward coarsening and fining) deposits 
in t h e  west. 
The cross section displayed in Figure 4 highlights t h e  four major shale  lenses t h a t  have 
been mapped. I t  may be  
noted t h a t  t he re  a r e  additional lenses, but  these  a r e  of local extent .  Because of t h e  
lack of well-defined shale breaks of substant ia l  thickness in t h e  c o r e  recovered from 
t h e  SGR I-Delee, an  arbi t rary selection of 1/2 t h e  SP (spontaneous potential) 
def lect ion was used for  defining 100% shale. 
The lenses a r e  identified "A" through "D", respectively. 
The isopach of Shale Lense A (Figure 5 )  i l lust rates  how widespread t h e  shale is across  
t h e  area. The lense is absent  toward t h e  southeast and conta ins  two  "permeability 
windows". These windows have t h e  potent ia l  for allowing ver t ica l  migration of gas  and 
fluids between sand lobes. 
Figure 6 i l lust rates  an  isopach of Shale Lense 0. The shale  lense is also fairly 
widespread and absent  along t h e  western and southern portions of t h e  field. The lense 
is thickest  in t h e  northern block and also contains  a permeability window mid-field. 
The isopach of t h e  Shale Lense C is depicted in Figure 7. This par t icular  lense is 
res t r ic ted  to t h e  cent ra l  and southern portions of t h e  field as a resul t  of deposition of 
Frio A being confined to this  region of t h e  field. The lense is absent  along t h e  
northeastern edge of t h e  southern block, thickest toward t h e  northwest a r ea  of 
deposition, and as in t h e  previous lenses, contains  a perm-window. This par t icular  
perm-window is adjacent  to two current ly  ac t ive  wells, f 4  and 3'13. 
The fourth isopach map of Shale Lense D is depicted in Figure 8. This lense is also 
res t r ic ted  to t h e  cen t r a l  and lower portions of the: field. I t  is absent  toward the  
southwest  and thickest along a ridge running from well #I50 toward #3. 
Figure 9 i l lustrates  an enlarged plot of the  I" e lec t r i c  log f rom t h e  Damson 1-Flake, 
labeled with the  major shale lense breaks. This well was  drilled l a t e  in t h e  field's 
history but  re f lec ts  t h e  trapping of g a s  below t h e  upper shale  barriers. The 16" normal 
is high in each  instance, and t h e  induction in t h e  second sand lobe appears  to indicate  
t h a t  100% water  is not reached unt i l  t he  middle of t h e  second sand lobe. 
In a similar fashion, Figure 10 depicts  t h e  e l ec t r i c  log of t h e  SGR I-Lemm, well #20, 
along t h e  eas te rn  portion of t h e  field. The shale lense trapping mechanisms c a n  also 
be  noted in this  well, specifically in t h e  second sand lobe. 
In conclusion, i t  is apparent  t h a t  t h e  shale  lenses in t h e  Erio 9,100' sand in t h e  NE 
Hitchcock Field a r e  act ing as ver t ica l  perm-barriers.  Although t h e  reservoir as a 
whole is  fairly homogeneous, in regarding to pressures and fluid migration, t h e  shales 
have  indeed c rea t ed  small  f r e e  gas  t r aps  throughout numerous portions of t h e  
reservoir. Information of this  t ype  would b e  of g r e a t  value to field opera tors  on fu ture  
completions,  as the re  a r e  additional, al though smal l  in a rea l  ex ten t ,  sources of t rapped 
f r e e  gas. 
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FIELD TEST RESULTS FROM N.E. HITCHCOCK WELLS 
P. RANDOLPH - IGT 
N.E. HITCHCOCK WELLS 
P.L. Randolph 
Institute o f  Gas Technology 
This presentation summarizes co-production resu l t s  f rom two wel ls  in the 
N. E. Hitchcock f ie ld  since the onset of  co-production operations at the end 
o f  February, 1983. 
More than 80 BCF were conventionally produced f r o m  the 9100 foot deep F r i o  
'A" sand in this f ie ld  f rom a total  of  12 wel ls  between 1958 and 1982. Wel ls 
v e r e  plugged and abandoned as operating economics became unfavorable 
under low regulated gas prices. Gas phase rese rvo i r  pressure was a 
minimum o f  about 3850 ps i  in the ear ly  1970's and had increased to more  
than 4050 ps i  before the Prets Unit No. 1 w e l l  ( # 4  in Figure 11, was 
re-entered and completed f o r  high volume br ine  product ion in February 
1982. 
Figure 2 shows the cur ren t  surface hardware configuration fo r  the Prets  
well. Use o f  mul t ip le  dump valves on the separator has made possible 
production o f  4000+ BWPD with a flowing wellhead pressure o f  only about 100 
psi. About 2/3 of  the 50 BOP0 are  recovered f r o m  the three phase 
separator and gunbarrel separator. The remainder condenses f r o m  the 1 
MMCF/D of  produced gas af ter  the gas leaves the 195 Deg F separator. 
The p lo t  o f  h istor ies of  br ine rate,  gas rate,  and wellhead pressure show 
the resu l t  of  a learning process character ized by pursui t  of  means to 
increase br ine r a t e  and decrease flowing wellhead pressure. The increase 
in gas ra te  i s  a resu l t  o f  these actions. 
Scaling o f  tubulars was recognized as a problem when the master valves 
vere very  hard to c lose in preparat ion fo r  Hurricane Alecia in the 3 rd  
quar ter  o f  1983. The jumps in br ine and gas ra tes  in the 4th quarter of  1983 
were the resu l t  of  acid treatment to remove scale f r o m  the 2-718 inch 
tuhing. Scale was then contro l led with inhibitor squeezes unt i l  the 3rd  
quarter o f  1985. Since then, periodic acid cleanouts have been used as w i l l  
be discussed la ter .  
Gas production through 1984 i s  beleived to  be p r imar i l y  f r o m  att ic gas 
previously abandoned in place (solut ion gas provides less  than 10% of 
production). But, ear ly  in 1985, flowing pressure in the vicinity of  the 
Prets w e l l  was reduced to below the trapping pressue o f  3850 psi. Since 
then, l iberat ion of gas, trapped in 30% o f  pore volume by invading brine, 
has supplemented the at t ic  gas to  reverse  the decline in production rate.  
N. E. Hitchcock 
Re-entry of the Thompson Unit No. 1 wel l  (W6 in Fi,gure 1 } in Apr i l  1984 
revealed a quite different response. For several months at t ic  gas provided 
Q flowing tubing pressure high enough fo r  d i rect  sale to  the pipeline. During 
the 3 r d  quarter o f  1984, compression was added to permi t  lower wellhead 
pressure. Brine ra te  increase and gas production more  than doubled. But, 
att ic gas production then again took a nosedive. Brine r a t e  was fur ther  
increased in the 4th quarter by converting f r o m  tubing to  annulus flow. 
However, the upturn in gas production due to l iberation o f  gas trapped 
during brine imbibition has yet to  materialize. 
The produced gadbr ine  ra t ios  fo r  the two wel ls  a re  both shown in another 
figure. 
A f inal f igure shows a natural cycle in Prets wel l  gas production ra te  that 
must be recognized in f ie ld  evaluation of changes in hardware o r  operating 
proceedures. The reason has not been identified but i t  i s  speculated that 
ear th  tides may cause enough st ra in  to  change the very steep re la t ive 
permeabil ity to  gas. The sawtooth superposed on the cycles start ing in 
October 1985 a re  the resu l t  of periodic acid treatments to  remove scale 
f r o m  the production tubing. Details and timing o f  the treatments have 
changed as understanding is gained. The reason for acid treatments, 
ra the r  than inhibitor squeezes, is cost. Swabbing and days o f  los t  
production a r e  a rea l  part o f  inhibitor squeeeres with sub-hydrostatic 
reservo i r  pressure. But, male forms only in the shallowest 1000 feet o f  
the tubing and can be removed w i t h  acid in Q t ime less  than the bubble r i s e  
t ime in the well  and without k i l l i ng  the well. 
The major  question in ult imate recovery f rom co-production i s  the minimum 
reservo i r  pressure that i t  w i l l  be practicable to  achieve. Prel iminary 
studies by this author, presented in the Sixth Goepressured, Geothermal 
Symposium, suggested that 3000 psi may well  be a minimum fo r  natural gas 
l i f t  in this reservo i r .  But, i t  is  conceivable that inguenuity w i l l  produce 
s t i l l  lower  minimum pressure with continuing favorable economics. 
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According t o  IGT memmnents, ’  between 50 and 150 MCF 
hot vapor per day were being l o s t  through the 2 i n ,  P ipe  
vent on the Prets b r i n e  tank, 
Addi t ional  vapors were being l o s t  through bad hatch seals 
on the b r i n e  tank and gun barrel , ‘  
The vapor was passed through a c o i l  a t  i c e  temperature, 
The r e s u l t i n g  gas and l i q u i d s  were analyzed, 
Water vapor was found t o  be a malor component o f  the hot  
vapor , 
A non-condensable gas (50% C1, 10% C2, 10% C3) was a lso  
a major p a r t  o f  the hot  vapors, 
The condensable hydrocarbon p a r t  accounted for several % 
o f  the hot vapor, 
The condensable hydrocarbons contained Cr through C15, 
but C7 and C8 accounted f o r  50 w t  Z o f  t h i s  sample, 
Analyses o f  the Prets separator gas and sales gas showed 
t h a t  approximately 12 bbls  per day o f  l i g h t  hydrocarbon 
l i q u i d s  are being l o s t  between the separator and sales 
1 ine,  
*- 
THESE LIQUIDS ARE COMING OUT AT THE COMPRESSOR, DEHYDRATION 
UIDS WERE BEING PLACED INTO 
THE HOT GUN BARREL/BRINE TANK AND BOILING AWAY, 
IGT SUGGESTED THAT THESE LIQUIDS BE: COLLECTED IN A SEPARATE 
TANK RATHER THAN THE HOT GUN BARREL., 
THE PLACEME HE COMPRESSOR AND 
DEHYDRATION S RESULTED IN THE 
COLLECTION OF AN ADDITIONAL 6 BBLS LIQUID HYDROCARBONS PER 
DAY 
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A PVT study on the Thompson Well i n  1959 shows t h a t  there 
was no mobile l i q u i d  hydrocarbon phase beins produced a t  
t h a t  t i m e ,  
That study a lso  showed t h a t  the reservo i r  would ao i n t o  
retrograde condensat ion  w i t h  product ion  
Retrograde condensation would produce enough 1 i s u i d  
hydrocarbons t o  f i l l  9,7 t o  11% o f  pore volume by the 
t i m e  o f  the PVT studies IGT had done, (Assuming a 
constant volume reservo i r  and no product ion o f  reservo i r  
1 i s u i d  hydrocarbons, 1 
The Thompson PVT study which IGT had done 8/1/84 showed 
tha t  2,56% o f  the reservo i r  volume o f  produced hydro- 
carbons was i n  the l i q u i d  phase i n  the reservo i r ,  
The Prets PVT study which IGT had done 8/1/84 show;d 
tha t  12,2% o f  the reservo i r  volume o f  produced hydro- 
carbons was i n  the l i q u i d  phase i n  the reservo i r ,  
IGT f i l t e r e d  disposal b r ine  and found about 17 lbs,  o f  
Solids per 1000 bbls, 
Most o f  these so l ids  were found to be i ron  oxides/ 
hydroxides formed when the br ine  is exposed t o  oxygen 
i n  the a i r ,  
IGT measured the amount o f  a i r  introduced i n t o  the 
Thompson br ine  tank as the br ine  leve l  f e l l  when the 
br ine  disposal pump was on, 
IGT concluded tha t  the oxygen in t h i s  a i r  was responsible 3 
f o r  the format ion o f  the i ron  oxides/hydroxides, 
IGT  informed the operator o f  the above and helped him 
design a system which puts produced gas instead o f  a i r  
i n t o  the br ine  tank, 
This system proved t o  very g rea t ly  reduce the amount o f  
i r on  oxides/hydroxides i n  the disposal br ine,  
IGT has obtained a very s a t i s f a c t o r y  h i s t o r y  match t o  
the most extended per iod  (20,9 days) o f  production 
data from the DeLee Un i t  Well No, 1, using a two-phase 
reservo i r  s imulator ,  
A 5000 f t ,  radius r igh t  c i r c u l a r  cy l inder  reservo i r  was 
used t o  model near wel lbore e f f e c t s ,  
Water-drive was suppl ied by an aqu i fe r  surrounding the 
reservu i r  w i t h  the same upper and lower boundaries, 
Appropriate assignment o f  gas and water r e l a t i v e  perme- 
a b i l i t i e s  was the most c r u c i a l  f a c t o r  i n  modeling f low ing  
we1 1 behavior , 
s t  h i s t o r y  match was made using: 
1 , 3 3 5 7  SW - .225 
krg = (1 - 1 
. 476  t i  .%J 
+g 
2 SW - ,225  
.775 
k r w =  (- 1 
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Figure 1. Cyclic Variation in Prete Gas Rate 
ri 
Studying t h i s  is neither within our scope of work nor i s  money 
avai lable .  This may be the e f f ec t  of drive provided by t i d e s .  
of t h i s  data might provide another way t o  determine reservoir properties. 
Understanding 
Specific Obiectives: 
Collect Production Data 
Collect 4% Analyses Produced Fluids h Solids 
Bntrerpret Above Results in Terms of Reservoir and 
Q 
%UrfnCe Equipmen% PRfQlfTlfWlfICe 
ake Information Available to  GRI Contractors, Field 
Operators and the Gas Industry 
- Major Accomplishments From GRI Participation: 
a 
Established a routine of weekly distribution of 
production data to  Project Participairnts 
Achieved operation of the borrowed three-phase 
separator with reduced Prets wellhead pressure 
Identified two-week cycles in  Prets gas production 
Developed a cost effective routine ffor acid removal 
of scale 
Increased Prets oil recovery by about 20 percent 
Increased Thompson gas production Iby 50 percent 
Identified Iron Hydroxides as a major problem in  the 
brine disposal well and implemented1 a gas blanket 
proceedure t o  preclude their formation 
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S. APPENDIX 1 0  
MODELING RESULTS FOR N . E .  HITCHCOCK 
K. ANCELL - DF&A 
i 
EVALUATION AND MQDELING 
OF 
CB-PRODUCTION RESER WC9lR§ 
NUMERICAL MODEL 
OF 
NORTHEAST HITCHCOCK FIELD 
(9,100’ FRlO SAND) 
GRI Contract N a  5085-2 12- I I85 
DowdLe Fairchild AnceLL, hzc. 
HI- PIEID 
9,100' PRIO SAND 
The Northeast Hi tchcock Field, located in a1 veston County, Texas, 
produces gas and gas condensate from the Upper Frio (Frio ITAt1) sand, lying at 
a depth of approximately 9100 feet subsea. Initial reservoir pressure at this 
depth was 5650 psia. ?he structure of the producing zone is a northwest 
plunging anticline, of moderate relief, that is truncated by several down-to- 
the-coast dipping faults. Porosity and permeability of the pay zone range 18- 
35 percent and 20-3200 md, respectively. Some 24 wells were drilled to 
exploit the reservoir with twelve of these wells completed as producers. To 
1/1/86 (first production 1958), some 88.0 Bcf of gas and 5209 Mbbls of 
condensate have been produced. Original gas, and condensate in place are 
estimated to be 131.8 Bcf and 12440 Mbbl. Primary production ws hanpered by 
water encroachnt with a1 1 but one we1 1 "watered-out" by the mid-seventies. 
In 1982, Secondary Gas Recovery (XI%:) began a eo-production project 
to improve gas recoveries by producing large volumes of water. 'Am re-entries 
of previously abandoned producers and two new imlls were part of the project. 
Whi le performance to date has been promising, the project has been hampered 
with many operational problems. 
One of the prime considerations of co-production is to be able to 
project the optimum schedule of gas and water production and number of 
producing wells in order to optimize profits. Numerical sirmlation offers a 
way to help identify and determine the relative significance of the 
control 1 ing factors considered in developing the o p t i m  co-production plan. 
Dowdle Fairchi Id & Ancel 1, Inc. (DFA) has developed a reservoir simulation 
model of the Northeast Hitchcock Field based on the geologic description 
prepared by the Bureau of Economic Geology and Eaton Operating Company, along 
with other basic reservoir rock and fluid data and performance history. The 
reservoir simulation model was lttunedlf to match the Northeast Hitchcock 
historical performance through the history match process. The history matched 
model ws then used to make the performance projection as described below. 
Ibring the "history match" phase of a reservoir model development, 
historical rates, either gas or water, are specified and the alternate phase 
is calculated based on the relative mobility of this phase to the specified 
phase. In making predictions, rate control is affected by specifying tubing 
head pressures and the model calculates the appropriate gas and water volumes. 
For this procedure, we have uti 1 ized the multi-phase vertical pressure-drop 
procedure developed by IGT for CXI, based on actual Northeast Hitchcock data. 
Resul t s  of t h r e e  base  p r e d i c t i o n s  and tvm a1 t e r n a t e  p r e d i c t i o n s  a r e  
p r e s e n t e d .  Case 1 arid Case 1 A  p r o d u c e d  t h e  P r e t s  a n d  Thompson we1 I s  ( 2  
we1 I s ) .  Case 2 tlnd C a s e  2A p r o d u c e d  t h e  t i u f f - A ,  P r e t s ,  Thompson,  Ee lee  and  
Lemn wel ls  (5 we l l s ) .  Case 3 produced t h e  Huff-A, P r e t s  and Thompson we1 I s  ( 3  
w e l l s ) .  The p r e d i c t e d  performance was found to be g r e a t l y  dependent  on h a v i n g  
t h e  a q u i f e r  ( w a t e r  i n f l u x )  m o d e l e d  c o r r e c t l y ,  u t i  1 i z i n g  t h e  C a r t e r  T r a c y  
i n f l u e n c e  f u n c t i o n s ,  i.e. t h e  g r e a t e r  t h e  w a t e r  i n f l u x ,  t h e  s m a l l e r  tile g a s  
r a t e .  T h e r e f o r e ,  C a s e  1A a n d  Case 2A were d e s i g n e d  to  nlodel t h e  e f f e c t  of a 
l a r g e r  w a t e r  i n f l u x .  The t a b l e  b e l o w  g i  v e s  
t h e  c u m u l a t i v e  gas  arid wa te r  produced s i n c e  4-1-1986. 
E a c h  case was r u n  t o  1-1-1991.  
F i e l d  T o t a l  a s  4165.0 3601.3 8484.3 7188.0 5751.5 
Water 15197.6 16558.5 21217 . O  26786.0 16111.5 

Northeast Hitchcock 
Reservoir Parameters 
Porosity - - - - - - - - - - - - - 30% 
Permeability - - - - - - - - 1000 md 
Initial Pressure - - - - - - 5650 psia 
Connate Water Saturation - - - - 2 5 %  
Residual Gas Saturation - - - - 23.5% 
Sol’n Gas at Pi- - - - - - -17 Scf/bbl 
Carter-Tracy Influx 
- - - - - - - - 0.05 l /days 
B - - - - - - - - .  - - 42 bbl/day 
DtD 
Ra/Rr - - - - - - - - - - - - - 10 
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Northeast Hitchcock 
Resource 
Initial Gars in Place 
Free - - - - - - - - 124.4 Bcf 
Solution - - - - - - - - 7.4 Bcf 
Cum. Prod 1-14986 - - - 88.OBcf 
Remaining Gas in Place 
Free - - - - - - - - - 37.9 Bcf 
Solution - - - - - - - -6.9 Bcf 
- 1  . Northeast Hitchcock 
ICTION CASES 
Well glximlsm 
Name Water bpd CASE 1 CASE 2 CASE3 
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T. APPENDIX 20 
SUMMARY OF SCALE AND ADVERSE CHEMICAL REACTION KESEARCH 
M. TOMSON/RICE UNIVERSITY 
B R I N E  CHEMISTRY AND 
CONTROL OF ADVERSE CHEMICAL REACTIONS 
W I T H  NATURAL GAS PRODUCTION 
PROJECT REV EW 
GAS RESEARCH I N S T I T U T E  
22 A P R I L  1986 
___ - _____ . - -- - - - __ 
Department I off 
Environmentai Science and Engineering 
.- 
Mason B. Tomson 
Peggy O'Day 
Janet L. Greenberg 
_ _ _ _ _ - _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ----- - -  
Sethuraman Gopalakrishnan T.S.U. 
.- 
OUTLINE OF PRESENTATI[ON 
I. PROBLEM AND SOLUTION METHOD 
It. SUMMARY OF PROGRESS PRIOR TO PRESENT REVIEW YEAR 
- 
III. WORK ACCOMPLISHED THIS YEAFt 
IV. PRESENT NEEDS AND APPROACHlES TO SOLUTION 
- 
CONTRACT SCOPE 
Chemical a n a l y s i s  o f  gas, l i q u i d  and s o l i d  phases produced from 
co-production w e l l s .  Develop ways t o  m i t i g a t e  o r  c o n t r o l  adverse 
chemical r e a c t l o n ,  such as scale  and corrosion.  Conduct f i e l d  
t e s t s ,  l a b o r a t o r y  studies ,  and t h e o r e t i c a l  analyses t o  remove 
u n c e r t a i n t i e s  about the  t e c h n i c a l  problems o f  product ion,  
processing, and disposal  o f  b r i n e  from co-production w e l l s .  
SCALE: 
LA2+ 
B R I N E  
C A L C I U M  
O K I G I N  OF ADVERSE C H E M I C A L  REACTIONS 
+ 
+ B I C A R B O N A T E  , CALCITE + ACID A L K A L I N I T Y  SCALE 
CORROSION: 
FE' + 
I R O N  + 
P1 PE 
CARBONlC ,-+ DlSSOLVFD + H Y D R O G E N  + B I C A R B O N A T E  A C I D  P1 PE A L K A L I N I T Y  
.- 
Overview of Project 
Gas 
Objective: Predict, measure, an& mitigate scale and corrosion. 
Information transfer. 
Approach: Chemical measurements, laboratory simulations, and 
theoretical studies. 
Convent iona 1 Wisdom I 
Parameter 
Temperature 
Pressure 
Dissolved Salts 
PH 
Saturation Index 
Typical Inhibitors 
To Prevent 
Scale 
4 
-? 
f 
c 
c 
Phosphonates 
Polyacrylates 
Polymaleates 
at 1 to 10 mg/l 
Corrosion 
Amines 
Thio-Amines 
Fatty Acids 
Zinc Chromates 
1 to 10 mg/l 
CaCOa-Film 
to 1000 mg/l 
SATURATION INDEX 
AND 
BRINE CHEMISTRY KIT 
(Ca)(C03) -I S I  = log KsP 
TCaA 1 k 
SI = log 
S I  Equations 
+ Supersaturated ( -  2.5 max. 1 
- Unsaturated--no problem 
= 0 Saturated (t 0.3) 
+ 5.89 + 1.549.10'2T - 4 .26~10  -6 T 2 
- 7 . 4 4 ~ 1 0 - ~ P  - 2,52611'* + 0,9201 
PH = -109 1 pxco Alk2 I ALSO: + 8.68 + 4 . 0 5 ~ 1 0 - ~ T  + 4,58x10- 7 2  T 
- 3 . 0 7 ~ 1 0 - ~ P  - 0.4771 + 0,1931 
T c A  - M O L A R  = PPM C ~ / 4 0 0 0 0  
A L K  - MOLAR = PPM HC03/61000 
P - PSI 
X C 0 2  - M O L E  F R A C T I O N  O R  VOLUME F R A C T I O N  co2 I N  G A S  
T - O F  
I - MOLAR IONIC S T R E N G T H  - L 5  X 10-5 C O N D U C T A N C E  ( U M H O S / C M )  
-PPM TDS/S6000 
eo 
F igu re  1. Nomograph f o r  c a l c u l a t i n g  b r i n e  pH. 
fo l l ows :  L ine  1 connects t h e  TDS value t o  t h e  XCO2 value; L ine  2 connects the  i n t e r s e c t i o n  
o f  L ine  1 and t h e  p i v o t  l i n e  w i t h  t h e  a l k a l i n i t y  value; L ine  3 connects t h e  i n t e r s e c t i o n  o f  
L ine  2 and t h e  X C 0 2  sca le  w i t h  t h e  temperature value; L ine  4 connects t h e  i n t e r s e c t i o n  o f  
L ine  3 and t h e  a l k a l i n i t y  sca le  w i t h  t h e  pressure value. The answer (pH-calculated) i s  read as 
t h e  i n t e r s e c t i o n  o f  L i n e  4 and t h e  pH scale.  
Lines numbered 1-4 d e p i c t  a sample nomogram const ructed as 
4 
1 , I 
I 
*"I"' 800 
140 
1oa 
I I I 
Y 
Figure 2. Nomograph for  calculating CaCOs saturatlon index. Sample nornogram i s  constructed i n  the same 
manner described for Figure 3.1. The answer (Saturation Index value) i s  read as the lnter-  
section of l i n e  I and the SI u n l t  scale. 
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Figure 3.  Nomograph f o r  c a l c u l a t i n g  A S I .  
c a l c u l a t e d  separate ly  by connectling t h e  va lue f o r  t h e  downhole s i d e  
t o  t h e  value o f  t h e  upstream s ide  and readlng t h e  component o f  ASI 
as t h e  I n t e r s e c t l o n  o f  t h a t  l i n e  w i t h  t h e  AS1 sca le  between them. 
The t o t a l  AS1 I s  t h e  sum of t h e  &!SI of a l l  t h e  components. 
nomographs fo r  c a l c u l a t i n g  t h e  change i n  s a t u r a t i o n  index due t o  
change i n :  
a)  Pressure ( ~ S l p )  ( d l  l C O a  (ASIcoa) 
b)  Temperature ( A S I T )  le) Calcium I o n  (ASIca) 
C )  A l k a l l n i t y  (ASIAlk) I) T o t a l  d i sso l ved  s o l i d s  (ASITDS) 
The e f f e c t  o f  each component I s  
Component 
i 
T a b l e  4. Summary of P r o d u c t i o n  Data and AS1 Va lues  During Long Term T e s t s  a t  G ladys  HcCall  No. 1 Well 
Performed t o  E s t a b l i s h  a C o r r e l a t i o n  Between Br ine  P roduc t ion  Rate a n d . S c a l e  Formation. 
Avg. Chg. in 
Range o f  Avg. Meas. Chg. Avg. S u r f .  P r e s s u r e  
No. Days Avg. Sur f  ace i n  S u r f a c e  R e s e r v i o r  due t o  scale -Range of 
in Study  Prod. P r e s s u r e  P r e s s u r e  Dec 1 i n e  Formation AS1 a t  
Period ( B I D )  (PSIA) ( APS I / D )  (APSI/D) (APSI/D) Sur f  ace 
Study  
Period 
20,219 3549-2743 15.3 7.a(7.8)* 7.5 1.30-1.25 June, July 32 
1984 
~ ~~ 
*The v a l u e s  in p a r a n t h e s i s  were c a l c u l a t e d  u s i n g  a r e s e r v o i r  s i m u l a t i o n  model ( D u r r e t t ,  1984).  
nSI Value Probable Scale Phenomenon 
Inhibitors may not work above  AS1 = 2.3 
I 
Transit ion range from non-scaling to  scaling (1.1 to 4-41 
1 -  I 
Range wherein inhibitors a r e  probably not needed  in a sca  
0 Equilibrium 
i i '  
!- . ee  system 
Scale will not form below E, SI = 0 
Scale wi l l  dissolve and brine may b e  very corrosive below AS1 = -1.0 
- 1  
Figure 4 .  Depict ion of AS1 values and corresponding scale-related 
phenomena f o r  CaCOa scale-forming br ines.  The AS1 values 
are  r e l a t i v e  t o  downhole shut-in condit ions wherein It i s  
assumed t h a t  the  br ine  i s  a t  equ i l ib r ium w i t h  respect t o  
calcium carbonate. 
Difficulties in monitoring brine chemistry 
1 .Sample will precipitate under normal conditions 
2Absence of a simple brine chemistry monitoring 
techniqse for field operator 
Nomograph used for calculating saturation index 
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F i g u r e  5. Diagram of se tup  used f o r  sample c o l l e c t i o n .  1 /8- inch 
s t a i n l e s s  s t e e l  t u b i n g  i s  a t tached  t o  t h e  main stem a t  a 
va l ve .  A c o i l  i s  p laced  i n t o  an i c e  ba th ;  t h e  l e n g t h  shou ld  be 
a t  l e a s t  40 f e e t  t o  ensure s u f f i c i e n t  c o o l i n g  o f  t h e  b r i n e .  
The s t a i n l e s s  s t e e l  t u b i n g  te rm ina tes  a t  a needle va l ve  used t o  
c o n t r o l  t h e  f l o w  r a t e .  The b r i n e  then  f l o w s  th rough T e f l o n  
t u b i n g  i n t o  a c o l l e c t i o n  b o t t l e  which i s  a l s o  i n  an i c e  ba th .  
C02 i s  bubbled i n t o  t h e  sample as i t  i s  c o l l e c t e d  (see t e x t ) .  
Valve I Brine 
Production 
Tubhg 
A Ir Pumv 
Read concentrat ion 
direct ly from scale 
R 6: a gent /Indicator 
F igure 6. Diagram o f  f i e l d  b r i n e  ana lys i s  k i t .  Pre-measured reagent i s  
added t o  a graduated c y l i n d e r  which I s  marked w i t h  t h e  appro- 
p r i a t e  concentrat ion scale. B r ine  i s  added, using a gas source 
(such as an aquarium a i r  pump) t o  mix t h e  so lut ion,  u n t i l  t h e  
c o l o r  changes. The concentrat ion I s  read as t h e  l e v e l  o f  l i q u i d  
i n  t h e  c y l i n d e r .  
COWCENTRATION AND MEASUREHENT RANGES OF THE K I T  
Observed Conc. o f  Brine 
Measurement Range i n  the Geopressured Wells 
Ki t Reagents mq/l Mo 1 Mo 1 
120 - 1200 0.002 - 0.02 0.004 - 0.06 A l k a l l n l t y  - 1 0.02 m HMO3 + 
Bromophenol b lue 
Ind 1 ca to r  
I 
Alkalinity - 2 0.15 m HMO3 + 900 - 9000 0.015 - 0.15 
Bromophenol b lue 
Ind ica t o r  
Calver I 1  Ind i ca to r  
Calclum - 1 0.016 Media t 30 - 320 0,0008 - 0.008 
0.10 Media + 250 - 2600 O.OOb5 - O.Ob5 Calcium - 2 
Calver I 1  I n d l c a t o r  
2000 - 20,000 0.0500 - 0.50 Calclur, - 3 1.0 Media + 
Calver I 1  I n d i c a t o r  
Chl or 1 de* 0.5 m Hq(N0312 + 15,000 - 142,000 '0,3000 - 4.0 
01 phenyl carbarone 
and Bromophenol b lue 
Ind ica t o r s  
0.001 - 0.30 
0.50 - 4.0 
*Chloride can be measured accurately using a conduc t l v l t y  meter. 
I 
INHIBITORS 
Theory of CaC03 Inhibition 
Laboratory Evaluation 
General Theory of Scale Inhibition 
Futu re  Plans 
n 
Plain Brino 
CaC03 - WIDER RANGE OF CONCENTRATIONS AND pHs. 
AGREEMENT WITH THEORY: 
RESULTS WERE I N  
CaC03 - EFFECT OF Mg2+, S r 2 + ,  Ba2+, and SO4 2- ON I N H I B I T O R S .  Sr2+- 
HAD NO EFFECT. Ba2+ RESULTS MERE M I N I M A L  AND N I X E D .  Mg2* 
AND 50:- I N H I B I T E D  
AND TOGETHER ARE A D D I T I V E .  
BOTH Mg2+ AND 50:- ARE GENERALLY A D D I T I V E .  
CaC03  AT  0.094 M AND 0.020 M, RESPECTIVELY 
I N  CONJUNCTION W I T H  PHOSPHONATES 
CaS04 - A CORRESPONDING FLOW-THROUGH APPARATUS FOR CaS04  I N H I B I T I O N  
STUDIES HAS BEEN DEVELOPED. SEVERAL I N H I B I T O R S  HAVE BEEN 
STUDIED; A L L  I N H I B I T E D  P R E C I P I T A T I O N  OF CaS04  AT LESS THAN 
1 rng l l .  
not oil 
Bath 
Cold 
Wafer  
Belh , ~ ,  ., Ue'er 
lnhlbition 
Chart 
Recordor 
J 
P L c  lpit . t Ion 
Figure 7 .  Diagram o f  i n h i b i t o r  eva lua t i on  apparatus. A l l  t ub ing  and f i t t i n g s  a re  
o f  Tef lon o r  Ke l -F  ( " I n s t a c " ,  a v a i l a b l e  from Cole-Parmer). I n  general ,  
two so lu t i ons  a re  used: an i n h i b i t e d  and an unt reated b r ine .  
Propor t ions o f  t he  two feed so lu t i ons  a re  adjusted by f low-  
meters (Cole-Parmer v a r i a b l e  area flowmeter model R-3216-14). The 
r e s u l t i n g  s o l u t i o n  i s  pumped (Eldex model 888-4 t r i p l e  p i s t o n  pump w i t h  
Kel-F l i n e d  valves and pump heads) i n t o  t h e  r e a c t i o n  c o i l  
(-40 f t .  o f  t ub ing )  which i s  s i t u a t e d  I n  a Messgerate-Werk Lauda 
U1 traThermostat constant temperature bath f i l l e d  w i t h  Dow-Corning 
S i l i c o n e  200 o i l  maintained a t  125C (257F). The f l o w  r a t e  i s  
ad justed so t h a t  residence t ime i n  t h e  o i l  ba th  a t  temperature i s  
> 1 minute ( f o r  40 f t .  c o i l ,  f l o w  r a t e  i s  -5 ml/min). The b r i n e  
then passes i n t o  a water ba th  maintained a t  room temperature, pas t  a 
pressure gauge, t o  a meter ing valve (Nupro model S S - P S G )  which con- 
t r o l s  backpressure ( g e n e r a l l y  500 p s i ) ,  and over t h e  t i p  o f  a pH 
elect rode (Orion-Ross epoxy body combination e lect rode)  and i n t o  a 
d r a i n .  The pH i s  read by a pH meter and recorded on a s t r l p - c h a r t  
recorder.  
HCOS + Ca2+ + CaC03 + H+. 
PH * 
P r e c i p i t a t i o n  I s  noted as a drop I n  pH due t o  t h e  r e a c t i o n  
I n h i b i t i o n  r e s u l t s  i n  a s t a b l e  
Rinimum [Inh] (ppm) 
Name 0 Id New Class 
0.10 
0 . 2 0  
0.20 
0 .50  
0 . 5 0  
0.10 
’ O V 0 5  . 
0.05 
0.10 
0 . 2 0  
0.10 
0 . 0 9  
0 . 0 9  
0.50 
0 . 0 8  
0 .08  
0 . 0 5  
0 . 0 8  
0 . 0 5  
0 . 2 5  
0 . 4 4  
0 . 6 7  
0 . 6 9  
0 . 0 8  
0 . 5 1  
0 . 5 6  
0 . 9 7  
0 . 6 3  
0 . 9 6  
0 . 2 5  
Phosphonates Oequest 2000 - RTnP 
Dequest 2010 - HEDP 
Dequest 2060 
wTc-01 
w c 4 3  
wTc-04 
wTc-05 
wTC-06 
wc-10 
UTC-11 
0 . 2 5  0 . 1 6  0 . 7 2  Phosphate Ester PE-22 
nixed Phosphonate 
and Carboxylate WTC-08 0 . 0 5 5  0 . 1 6  0 . 7 2  
0 . 6 0  
n.d. 
0 . 4 0  
0 . 7 0  
0 . 0 6  
0.  l e  
Poly ac ry late s P-4 2 
O f  C- 12 55 
Polymaleic 
hnhydride Belclene 200  0 . 6 0  0 . 1 4  0 . 7 6  
2 0 . 0 0  
I .o 
20.00 0 . 0 0 2  Citric Acid 
0 . 1 5  Sodium 
Hexamethaphosphate 
1.0 
2 .o 0.02  Phosphate 1 .o  
Laboratory Results 
Inhibitor 
AMP-20 
Dequest 2 0 0 0  
Dequest 2010 
Dequest 2060  
WTC-08 
WTC-11 
PE-22 
P - 4 2  
ARC0 Polyacrylate 
OFC- 1255 
Belclene 200 
Belclene 2 6 0  
Gyptron T96 
Phosphate 
Citric Acid 
Field Result:; 
WELL 
Gladys McCall No. 1 
Pleasant Bayou No. 2 
AMOCO Fee No. 1 (Sweet Lake) 
Crown Zellerbach No. ? 
Prairie Canal No. 1 
2(C03) 
0.35 
0.44 
0.67 
0.69 
0.63 
0.25 
0.72 
0.06 
0.15 
0.18 
0.76 
0.04 
0.06 
0 .02  
0 .002  
* 
* .C? 0.30 
0 .08  
0.03 
0.03 
0.39 
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A. 2-Inhibltor Mixtures / "  . (expect 501 orch) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 
IO. 
Ocquert 2000 + Pt-22 
Dcquert 2000 + Iklclene 200 
OeqUert 2000 + WTC-11 
Dequert 2000 + WC-08 
PL-22 + Belclene 200 
PE-22 + UTc-11\ 
?C-22 + mc-OB 
Belclene 200 + WTC-11 
Bclclene + WC-OB 
YTC-11 + YIc-06 
50 
50 
50 
50 
so 
50 
40 
50 
so 
10 
B. 3-Inhlbitor Mixtures (expect 33% each) . 
33 1. Dequert 2000 + PL-22 + klc lene  200 
33 2. Oequert 2000 + klc lene  200 + YTC-08 
3. Dequert 2000 + Oquert 2010 + k q u e f t  2060 33 
C. 5-Inhibitor Mixture (expect 201 each) 
1. DtQucSt 2000 + PL-22 + klclene 200 + 
I 1  YIC-11 t uTC-08 
0.55 
0.5b 
0.32 
0.52 
0.14 
0.31 
0.61 
0.38 
0.69 
0.36 
0.61 
0.58 
0.11 
0.57 
Schematic Model 
A 
CaS04 
+ 
2 \ 
0 
3 y  
+ 
t 
I 
I 
i. 
0 
B 
ea , (SO& 
Calcium Sul fa te  I n h i b i t i o n  
I n h l  b i  t o r  PH 
Minimum Conc. f o r  I n h i b i t o r  
( PPm) 
~~ 
Degrest 2000 6 . 0  0.3 
Degrest 2060 6 .0  
4 .0  
6.5 
4.0 
P-42 Pol yac r y l  a t e  
0.2 
0.2 
0.7 
1.4 
A R C 0  Polyacrylate 6.5 0.3 
Belclene 200 (PMA) 6.5 
4 .O 
0 . 2 5  
0.50 
0 
FIELD WORK 
0 
SUClI.’ARY OF SCALE AIJD C O R R O S I O N  CONTROL 
GLADYS NcCALL # l  DESIGN WELL 
1. Problem - CaC03 Scale Forming Downhole 
A. Initial Action, 
a, Removal of Scale with 155 HCL acid 
b. Lower Production Rate 
c. Evaluation of Downhole Inhibitor Application Techniques 
11. Problem - CaC03 Scale Forming in Surface Equipment 
A .  Initial Action, 
a. Surface Injection of Inhibitor 
b. Very Low Tolerance in Inhibitor Concentration 
(i.e. 4 0 . 5  ppm -- CaC03 Scale; ->1.0 ppm -- pseudoscale 
111. Problem - Corrosion in Surface Equipment 
A.  Initial Action: 
a. 
ba 
Replacement of Equipment as Needed 
Evaluation and Cost Analysis for Surface Application of 
Inhibitors 
1-FLS/DOE GLADYS McCALL NO. 1 
CRAB LAKE FIELO - CAMERON PARISH. LOUISIANA 
COMPLETION AUGUST 15. 1983 
Length Setting Depth 
22 .51 '  
Material Description 
*Rotary Table Elevation 21.20 '  
Gray  Tool tubing hanger, 1.31 '  
5" modified VAM box 
connection on bottom and 
5 ) "  8 rd thread box 
connection on top f o r  
5)" 8 rd lift joint 
372 joints 5" 18 p p f  P - l l @  13,855.84'  13.878.35'  
rnoCified VA?l connectors 
with special clearance 
Q-125 coup1 inqs 
O t i s  Packer Seal Assembly 
Locator Sub 2.00' 13.R80.35' 
Seal Extension 9.75' 
Seal Mandrel 2 .14 '  
Seal Extension 
Seal Kandrel 
Mule Shoe 0 .84 '  
13,903.09 '  
13.902.19'  
13,903.03 '  
Seal Bore Extension (PBR) 
Top 13,892.35 ' ;  Bottom 13,917.18'  
Ratch Latch 13.917.18'  to 13,920.00 '  
Otis 7" 382 permanent WB Packer w/EP plug. 
Otis WBR Packer 13,920.00'  t o  13,926.25'  
3 .25"  ID, set at 15,500'  to 15,502.82 '  
wireline measurement 
NOTE: Locator sub set down o n  the PBR and picked 
up and spaced out 1 2 '  above the PER to 
allow f o r  tubinq exoansion. 
'All tubing and associated equipment measure- 
rents are from rotary table elevation 21.20 '  
above the 5"  tubing hanger. 
5"  tubing lengths are as run (engineer's 
tally). Joints fall between API range 2 and 
range 3 averaging -37.25 '  i n  made up length. 
SAND "9"  perforated 4-shots per foot: 
15,627 ' -15,567 '  and 15,541'-15,511'  
30"  DRIVEN T O  2 2 2 '  
7" 38 PPF TIEBACK CASING 
TOP FOLLOWED BY 2 3  J T S  
N-80 X-LIrlE CN BOTTO74) 
( 2 7 8  J T S  P - 1 1 0  BUTT ON 
20" K-55 133  PPF PUTT '3 
869 '  CEME::TEO T O  SUPFACE 
17.3 FPG VU0 B E H I ' I O  7 "  
10.5 PPG AT 69°F CELCIU '?  
CHLOFICE W/AN O':it;E T Y P E  
II4HIEITOR IN THE 5 "  X 7" 
13-318"  (81  JTS 68 PPF 
K-55 3UTT C Y  TGP & 29 JTS 
72 PPF L-80 Ct; BOTTC'I) B 
4 , a g o ~  CEGPITEO TO S'JSFACE 
TOP OF cErEru e w I * : D  7 "  
TOP OF L I m  P 12,615' 
CASIr;G - 6,0005 
CE'lENTED T O  SL'RcACE 
PLUGGED B A C K  DEPTH 15 ,666 '  
7" 38 PPF AR-95 PUTTRESS 
( 7 9  JTS) LIYltR P 15,958' PPG 
3 - 8 - 3 / 8 "  HOLE B 16 ,510 '  
I D  OD -- 0 I AYETERS 
4 . 2 7 6 1 ~  a-512" Tubing Hanoer 
5" 18a Tubinq 4 . 2 7 6 "  5" 
Tubing Couplings 4 . 2 7 6 "  5 . 4 0 "  
Otis Seal Assembly 3.430" 4.46" 
Otis WB Packer 3 . 2 5 0 "  5.44"  
7" 38# Casing 5.920" 7 "  
F I E L D  KIT RESULTS- GLADYS McCALL NO. 1 
Date 
Ca lc ium 
( PPm) 
Alkalinity Chloride 
( P F d  ( PPm) 
3/06/05 
3/14/05 
3/15/85 
3/18/85 
3/19/05 
3/20/@5 
3/21/85 
3/25/05 
4450 
4500 
4500 
4500 
4750 
4600 
4500 
4500 
405 
500 
5 00 
5 00 
5 00 
480 
450 
430 
52,000 
50,000 
50,000 
50,000 
50,000 
48,000 
48,000 
50,000 
Table 3. Brine Chemistry of the Gladys HcCall Design Well 
Parameter 2 Dec.1982 
Temperature Leaving Separator (OF) 
Disposal Pressure ( p s i )  
Flow R a t e  (B/D) 
Alkalinity (mg/l as  HCOY) 
Calcium (rng/1 Ca2+) 
Chloride (mg/l Cl-> ' 
Conductivity (umhos/cm) 
TDS (mg/l) 
Hardness (mg/1 as CaC03) 
Iron (mg/l) 
Silica (mg/l S i 0 2 1  
Specific Gravity (g/cm3) 
Sulfate (mg/l) 
Sulfide (mg/l) 
Scale Inhibitor Added (mg/l ARIP) 
COz-Gas (Volume % )  
S.1. at Disposal Well 
264 
2 50 
9,000 
547 
4,130 
57,900 
126,360 @ 25°C 
96,340 
12,000 
35 
135 
1.062 @ 25°C 
N D ,  < 5 ppm 
ND, < 1 ppm 
1 . 2  
7.6 
2.55* 
Well will scale heavily i f  inhibitor is not added, particularly at 
higher temperatures. 
TEMPERATURE MAINTAINED IN HOT on 
STEEL PIPE 4 
EPOXY 
CORE SAMPLE 
BRINE 
IN H IBlTOR 
'PILL' 
IN HI6 IT 0 R 
ANALYSIS 
~T~-?2-BypAss TEFLON TUBING 
Figure 8 .  Schematic Diagram: Laboratory system used f o r  s lmulat lon o f  
downhole i n h i b i t o r  a p p l i c a t i o n  techniques. 
INHIBITOR SQUEEZE SIMULATION 
Gladys McCall No. 1 
G y D t r o n  T- 1 3 2  Phosohonate 
CaC12 Overflush 
NaCl Overflush 
1 2 3 4 5 6 7 8 10 
Injection - - Column Section -F low back 
Figure 9. Results of laboratory squeeze simulation ising core 
the Gladys McCall No. 1 well. This reDresents amount 
mples from 
of  i n h i  b i t o r  ~ ~ 
remaining in the rock following injection and a short - -  ~ ~ - - flowback, as 
The increased effectiveness of a function of  depth in the column. 
the proposed pill with a calcium chloride overflush i s  significant. 
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DEQUEST 2000 INHIBITOR SQUEEZE 
PHI dosage = C.95ml of 20,000ppm actlve ATMP (2%ATMP, 0.125M CaC12, 1.OM NaCI) 
T = 95 deg C 
PORE VOLUMES THROUGH COLUMN 
I 
I 
INHIBITOR SQUEEZE REGIME 
GLADYS McCALL No. 1 
1. Plan 
Formation 
brine 
A l l  a t  160'F 
Acidize tubing 
Inject - 2 BPM 
S h u t  in 2 4  hrs .  
Flow -. 4000 8PD - 2 days 
Flow .. 25,000 BPD 
2. Results 
1 Found 400 Dpm Ca 6 8 ppm Fe  In brine 
2 .  300 B NaCl in jected.  I i l t l e  rescslance 
3 2 7  B pill inlecled. produced large resistance to  pumping 
5 .  6% pil l tried. turbid ' d iscarded 
6 Another 25 B 6 %  pill prepared, OK 
7. 100 B NaCl spacer in lected w i l h  considerable res l s lance  
8 .  2 5  B ~ I I I  injecled. resistance 
9 Shut in  l o r  2 4  hrs. 
10 Flow at 4 0 0 0  BPD for 4 8  hrs  
11 F l o w  a1 15,000 BPD 
1 2  New pill planned 
4 Flow - 1 2 . 0 0 0  BPD for  8 hrs.  
2 7  0 
3% Inh in 
15% NaCl 
INHIBITOR SQUEEZE 
Gladys McCall No. 1 
May 1985 
P h o s p h o n a t e  \ 
Sal in i ty  
F o r m a t i o n  I- B r i n e  ! 
" 
0 500 1000 1500 
Flow (barrels) 
h 
‘0 
F i g u r e  11 .  Results o f  numerical simulation of mixing of pill fluids in Gladys 
WcCall No. 1 formation. Method used I s  from Gelhar and Collins 
(1971). Using dispersivity = 0.12 ft. 
Numerical Simulation 
Mixing of Pill Fluids 
Gladys McCall No 1 
Dispersivi ly = 0 1 2  11 
_- 
3. Conclusions 
1 .  
2 .  
3. 
4 .  
5. 
Miaing f r o n t  size deduced 
Clean brine enters  f o r m a t i o n  with little res istance 
FeO, and Ca-lnh prec ip i ta t ion  w e r e  s o u r c e s  o f  prob lems 
Inhibitor v s  flow results 
New at tempt  ’ 
Forma tion e brine 
16 - 
14  - 
1 2  - 
10 - 
v) 
c 
- .- a -  
3 
6 -  
4 -  
2 -  
0 .  INHlRl l  OR SOUL E ? E  TRE A7 M E N 1  
60490 $e f ’  
G L A D Y S  M c C A L L  No 1 
TRACE ELEMENT ANALYSES 
Volume of Brine Produced (.Barrels) 
A Mu4 1 unit = 100 mol l  0 MQ 1 untl - 2 5  m o l l  D K 1 unil 200 m o l l  
A P 1 unit i SO m o l l  0 Na 1 unic li S O 0 0  moll Cs 1 unbi = S O 0  moll  
lrace element concentrations, Inhibltor squeeze treatment, 
Gladys McCall No. 1 well. 
60% returned by 1,000 barrels out. Mg tracks percent of  
formation brine; dominates by 1.000 barresl out. Ca peak 
traces CaCla overlfush. K peak may indicate ion exchange f o r  
Ca on clays i n  formation. Na traces NaC1 spacers relative to 
format ion brine. 
NH4 and P track inhibitor: 
SECOND I N H I B I T O R  SQUEEZE AT GLADYS MCCALL WELL, JANUARY, 1986 
DUE TO NODELING, TESTING, INDUSTRY EXPERIENCE, ETC., I T  WAS DEEMED 
POSSIBLE TO S I M P L I F Y  THE OVERALL SQUEEZE JOB BY E L I M I N A T I N G  THE CaC12 
OVERFLUSH AND RELYING UPON THE FORMATION CALCIUM FOR MIXING.  
~ / 900B \ lOOB \ l O O B  1 FORMATION 
1 0% N a C 1 1 0% N a C 1 
OVE RFLUSH 3% Dq. 2000 
/ I N H I B I  TOR 1 
P I L L  WAS PUMPED AWAY AT 4 TO 6 B P M i n u t e .  
1-131 TRACER FROM GLADYS McCALL INHIBITOR SQUEEZE 
I I 1 2000 3000 4000 501 
BARREL NUMBER (FLOWBACK) 
I 
Plot o f  Concentration of 1-131 (microcuries x 10-5) v s  number of barrels for flowback after inhibitor squeeze at 
Gladys HcCall well. 
Samples were measured after approx 
quantitative mass balance o.f total 
a pp rox i ma t i on. 
mately 8 half-lives of decay. Integration of area under curves yie 
iodine. Detailed modeling i s  yet to be done; the smooth curves are 
ded nearly 
visual 
HITCHCOCK FIELD WORK 
1 
ANALYSIS OF DELLE NO. 1 SAMPLES 
Parameter -- Lab - Kit 
(Concentrations i n  mq/l unless otherwise noted) 
BRINE 
Alkalinity (as HCO,) 
Bicarbonate (as HCOI) 
Acetic Acids (as HAC) 
Ca 1 c 1 um 
Chloride 
Hardness (as Ca) 
Sulfate 
Total Dissolved Solids 
Total Suspended Solids 
pH at 10% COn and 25°C 
SI Bottom Hole 
Carbon Dioxide ( X )  
GAS 
1312 
552 
7 50 
540 
20000 
620" 
13 
45600 
100 
6.20 
+o .02 
0.50 
1050 
630" 
23000 
*Calcium test in kit actually measures all divalent cations. so 
i s  equivalent to Hardness as Ca. 
CARBOXYLlC A C l D S  IN DELEE NO. 1 BRINE 
C A R B O X Y L I C  ACID CONCENTRATION 
(mg/  1 )  
Acetic 
Prop ionic 
Isobutyric 
n-But yric 
2-methylbutyric 
3-methylbutyric 
n-valeric 
Total Acids 
705  
5 5  
-5 
-5 
trace 
trace 
trace 
- 7  70 
TRACE HETALS IN DELEE NO. 1 BRINE 
Element Concentration 
(mg/ 1) 
Aluminum 
Arsenic 
Barium 
Be ry 11 ium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Hagnes ium 
Hanganese . 
Molybdenum 
Nickel 
Phosphorous 
Pot as s ium 
Silicon 
Sodium 
Tin 
Titanium 
Vanadium 
Zinc 
Zirconium 
< 0 . 5  
<0.1 
6.3 
< O .  006 
5 . 0  
(0.14 
<0 .05  
(0.3 
0.06 
3.5 
0.14 
0.33 
0.14 
<o .os 
4 . 4  
24 
110 
16800 
5 4 7  
131 
6.2 
<0.04 
<O. 04 
<o.z -- 
c 0 . 3  
B R I N E  ANALYSES USING K I T  
PRETS NO. 1 AND THOMPSON WELLS 
PRETS NO. 1 THOMPSON 
A l k a l i n i t y  C a l  c i urn A l k a l i n i t y  C a l c i u m  
- Date m s / l  m s / l  m q / l  mq/1 
5/13/85 975 600 1075 635 
5/14/85 960 600 1075 635 
5/15/85 975 600 1100 635 
5/20/85 925 600 1075 600 
5/22/85 975 600 1100 600 
5/24/85 1000 600 1050 61 0 
5/30/85 1050 61 0 1000 600 
r INHIBITOR SOUEEZE SIMULATION 
Delee No. 1 1 
O d  * n o s P M A l E  
WICl O..r(l".h c 
CT 0 4  E 
2 02  
2 
Y 
m 4z 
0 0  t 
P 
Column Sectlon 
Figure 10. I n h i b i t o r  squeeze s imulat ions i n  rock from Delee No. 1 w e l l .  
Represents amount o f  i n h i b i t o r  re ta ined  i n  each sec t i on  of t h e  
rock column f o l l o w i n g  1-nject ion o f  t h e  " p i l l '  and flowback w i t h  
b r i ne .  ( a )  Using Dequest 2000 phosphonate, a c i d i c  form ofATMP; 
(b )  using Gyptron T-132 phosphonate, n e u t r a l  form o f  ATMP; ( c )  
using Nutro 5-21 phosphate ester ,  showing both phosphate e s t e r  
and t o t a l  phosphate r e s u l t s .  
advantage t o  using a CaClr over f lush,  t h e  use o f  an a c i d l c  
i n h i b i t o r  ( a )  r e s u l t s  i n  increased r e t e n t i o n  o f  i n h i b i t o r  i n  t h e  
rock, which may prov ide a more e f f e c t i v e  t reatment.  
Although the re  appears t o  be no 
INHIBITOR SOUEEZE 
PRETSNo 1 
May 1985 
t '400 
O A V S  F R O Y  S T A R T  OF FLOW 
INHIBITOR SOUEEZE 
i f  THOMPSON TRUSTEE No 1 
: ? ', May 1985 . ,  
. I  , $  
- l , l . . I , . , . . . l . r . . I l . I . l l  1 
0 5 I O  I5 10 
D A I S  FROY S T A R T  OF F L O W  
Figure 12.  E f f e c t  o f  i n h i b i t o r  squeeze on b r i n e  chemist ry  a t  two Hitchcock 
F i e l d  w e l l s .  A = Prets  No. 1; B = Thompson Trustee No. 1. 
Samples were taken t h e  day before t h e  w e l l s  w e r e  cleaned w i t h  
ac id ,  squeezed w i t h  a Phosphate Ester  I n h i b i t o r  (Nutro 5-21), 
and shut I n  f o r  about two days. 
t o  have decomposed t o  orthophosphate. 
Most o f  t h e  i n h i b i t o r  appears 
ESTIMATION OF CaC03 SCALE: RATE AND A C I D  COST FOR PRETS AND GLADYS WELLS 
J = Q(Cain-Caout)/A 
Caout = Cainexp(-Akm/P) 
J = kmCa 
J ,  g-CaC03/in 2 .day = 6 . 2 1 ~ 1 0 - ~ ( Q / l ) ~ / ~ C a / d  
t ,  in-CaC03/day = 1 . 4 0 ~ 1 O - ~ ( Q / l )  ’l3Ca/d 
i, 1b-CaCO3/day = 5 . 1 5 ~ 1 0 - ~ ( Q / 1 ~ ) ~ ’ ~ C a  
Cost, $/day = 0.83 h 
PARAMETER 
Q, BPD 
1 ,  f t  
Cas mg/l 
d, i n  
J,  g-CaC03/in 2 -day 
r ,  in-CaC03/day 
m, 1 b-CaC03/day 
Cost, $/day 
B/yr 
EXAMPLES 
PRETS 
~ 5,000 
1,000 
700 
2.5 
0.30 
0.0067 
62 
5 1  
18 , 750 
GLADYS 
30 , 000 
1,000 
4,000 
5.25 
1.47 
0.033 
54 1 
631 
194,000 
ACIDIZING OF PRETS WELL, 2/19/86 
1. 
0 co 
i ! I I.  
B Fe = Acidity 
I l l .  I V .  
SAMPLES COLLECTED FROM FLOWBACK 
I .  125 g a l .  o f  HC1 ( 7 . 2  N )  was pumped i n t o  t h e  w e l l  t o  a d e p t h  o f  500 f t .  and s h u t  i n  f o r  30 m i n u t e s .  Samples 
1-6  were c o l l e c t e d  d u r i n g  f l o w b a c k .  
11. 125 g a l .  o f  HC1 (5 .86  N) and A-Sol were pumped t o  a d e p t h  o f  500 f t .  and s h u t  i n  f o r  30 m i n u t e s .  
7-9  were c o l l e c t e d  d u r i n g  f l o w b a c k .  
1 2 5  g a l .  o f  H C l  and A-Sol  were  pumped t o  a d e p t h  o f  500 f t .  and s h u t  i n  f o r  20 m i n u t e s .  
unspent  a c i d  f l o w e d  o u t  o f  t h e  w e l l .  
60 g a l .  o f  unspen t  a c i d  r e m a i n i n g  i n  t h e  w e l l  were  pushed back down w i t h  1 2 5  g a l .  o f  b r i n e  t o  a d e p t h  o f  
a p p r o x i m a t e l y  150 f t .  
Samples 
111. About 60 g a l ,  of  
Sample 1 0  was c o l l e c t e d  f r o m  t h e  f l o w b a c k .  
I V .  
The w e l l  was s h u t  i n  f o r  1 5  m i n u t e s .  Samples 11-13 were c o l l e c t e d  d u r i n g  f l o w b a c k .  
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CHANGE I N  S I ,  P VS. DEPTH 
L 
1. ! 
1 
E 
.I 
0 
Change i n  SI (0.0 - 2.0) P (0 - 4000 psi )  
I 1 I I I 1500 3000 4500 6000 7500 c 
Depth (ft.1 
- 4000 
. 3000 
. 2000 
' 1000 
0 
IO 
PLOT OF THE CALCULATED CHANGE I N  SATURATION INDEX AND PRESSURE VERSUS 
DEPTH FOR THE PRETS WELL. 
OR A T  ABOUT 500 F T  DEPTH. 
A C R I T I C A L  SI I S  PROBABLY NEAR 1.0 TO 1.2 
I 
0 
51LAl1\ S l A l C  RADIAL FLOU: 
(L. AliDERSON) 
FRO'.: SI EQuA:lOr; AND ASSUMKING COtiTINUOUS E Q U I L I B R I U M  OF CaCO-, I N  THE 
FOR::ATION: 
2 
P ALK Ir1  E I 7- 1-Ca - ACK 1r-b 2 
EY S L l S S T l f U T I N G  E Q l I A T l O f i  2 I N T O  E Q U A T I O N  1 ALONG WITH CONSIDERABLE 
L?GCEF:AIC t:A?;!PULATIOh THE FRACTIONAL LOSS I N  POROSITY AT r. Anr. CAN 
€E SHJd'. T O  BE: 
1.11 x 
Anr = 2 n n h r '  V t o t a l  
W E R E  n I S  POROS:ITY, h 15 FORKATION THICKNESS I N  dm (3.05 cbn = 1.'00 f t ) .  
r IS R A D I U S  I N  dm, AND Vtotal IS TOTAL VOLUME I N  dm3 (158 dm3 = 1 B). 
FOR n = 0 .3 .  h = 100 f t ,  V-tota,  = lo4 BPD FOR 1 YEAR: 
r In ft 0.119 Anr 7 
COMPARISON OF PRETS AND PORT ARTHUR BRINES 
6 7500 
39000 
2 10 
4100 
-- 
A L K A L I N I T Y  (mqHC03/1 ) 
HARDNESS (mgCa/ 1 ) 
pH AT ATMOSPHERIC P. 
FRACTION C02 I N  GAS 
CONDUCT I V I T Y  (umhos/cm) 
TDS ( n i q / l  ca lculated)  
Temperature ( O F )  B.H. 
Pressure ( p s i )  B.H. 
76540 
6 7000 
2 34 
8827 
PRETS ~ R ; ~ ; R T H u R *  
720 
588 762 ' 6.5 
0.050 0.038 
*THESE SAMPLES CONTAINED S I G N I F I C A N T  OUANTIT IES OF HEMATITE, Fe203, 
AS WEIGHT, BUT T H I S  I4P.Y HAVE MTYIMfiL EFFECT ON THE REPORTED PARAMETERS. 
LABORATORY EXPERIMCNTS 
fcC03 I ' K C C I P I T A T I O N  AND DISSOLUTION K I N E T I C S  AND E Q U I L I B R I A  V S .  T 
A B I L I T Y  TO PREPARE AND HANDLE VIGOROUSLY ANOXIC WATERS AND 
REACT I O N  SYSTEMS. 
DISCOVERED A NEW METHOD TO MEASURE P R E C I P I T A T I O N  K I N E T I C S  BY S IMPLY 
MEASURING WATER LOSS RATE AT STEADY STATE. ADVANTAGE IS EASE WITH 
WHICH ACCURATE K I N E T I C S  CAN BE MEASURED. 
3Opsig Partial Dissolution 
\ 
"NO N e t  Change" Fee* + 2HCO; /G Fe C O3 
solid z// solut ion 
3 psi R e p r e  c i  pi t  a t  i on  
KFeC03 - 25"C ,  40"C, 6 0 ° C  
S P  
DiSSOLUTION RATE LAW AND CONSTANTS 25"C,  4 0 " C ,  6 0 ° C .  
PRCCIP ITATIOf4  RATE LAW AND CONSTANTS 25"C ,  60°C. 
A N A L Y l l C A L  MCTHOD FOR LOW CONCENTRATIONS OF PHOSPHONATE I N  B R I N E  
SUMMARY OF PROCEDURE :: 
PHOSPHONATE I N H I B I T O R S  
I 
I 
O X 1  D I Z E D  1 
HZ03POH 
Mo 0 1 
PHOSPHATE 
MOL Y B DATE 
ISOBUTYL ALCOHOL EXTRACT 
I 
1 
NEUTRAL MOLYBDATE/PHOSPHATE COMPLEX 
r.1012039P/i so-bu-011 NEUTRAL CLEAR COMPLEX IS EXTRACTED INTO 
i s o - b u - O H  L E A V I N G  MOST INTERFERENCES IN 
THE WATER. 
I S n C l 2  1 REDLICING AGENT 
Mo 12038P/ i so-  bu -OH 
INTENSE BLUE COLOR 
MEASURED AT 725 nm. 
PHOSPHONATE CONCENTRATION VS. ABSORBANCE 
[ X l L I I l  OF P R L C I P I l A T I O I ~  fROFl  1% PIIOSPHONATL (Oq. 2000) 
100: Cs 
0: mg 
H i P V Y  
50: Ca 
501 M y  
0 
NONE 
~ 
S L I G H T  
0% Ca 
I00 Ny 
0 
NONL 
NONE 
HEAVY NONE 
HEAVY HEAVY HEAVY 
Q U A L I T A T I V E  D E P I C T I O N  OF THE EFFECT OF Mg/Ca /pH ON P R E C I P I T A T I O N  OF 
DEQUEST 2000 PHOSPHONATE I N H I B I T O R .  TWELVE 250 rnl BREAKERS CONTAINING 
p H  ADJUSTED 2 M N a C l  AND 1% DQ. 2000 WERE PREPARED. TO EACH WAS ADDED 
0.8 M Ca2+ OR MIXTURE. 
STAND AND P R E C I P I T A T I O N  WAS NOTED. 
THE MIXTURES WERE STIRRED AND THEN ALLOWED TO 
SUMMARY OF PROGRESS TO DATE 
A .  Scale i n  sur face  equipment a t  severa l  w e l l s  has been economical ly  
c o n t r o l l e d  w i t h  gener ic  i n h i b i t o r s .  
B. An a l g o r i t h m  w i t h  app rop r ia te  nomographs t o  p r e d i c t  t h e  s p e c i f i c  
e f f e c t s  o f  var ious  p roduc t i on  parameters on sca le  fo rmat ion  has been 
developed and c a l i b r a t e d  w i t h  data from severa l  we l ls .  
c o n t r o  
D. I n  t h e  
1. An 
we 
C. An e a s i l y  used k i t  t o  measure chemical parameters needed f o r  sca le  
has been completed and i s  a v a i l a b l e  f o r  ope ra to r  use. 
1 abora t o r y :  
apparatus t o  s imu la te  the  h i g h  T, P, TDS and f l o w  c o n d i t i o n s  o f  
1s has been b u i l t  and i s  r o u t i n e l y  used t o  screen i n h i b i t o r s ,  
e tc . ;  
2. Numerous backup procedures, such as f o r  measurement o f  c a r b o x y l i c  
ac ids ,  hydrocarbons, t r a c e  metals, v i s c o s i t y ,  etc.,  used t o  
c h a r a c t e r i z e  b r i n e  chemis t ry  more f u l l y  have been tes ted  and a re  
r o u t i n e l y  used. 
b r i n e  below 0.1 m g l l  has been developed and a p p l i e d  t o  severa l  
b r i  nes. 
3. An a n a l y t i c a l  procedure t o  measure phosphonate concent ra t ions  i n  
E. The f i r s t  q u a n t i t a t i v e  theory  o f  i n h i b i t o r  a c t i o n  f o r  c a l c i t e  sca le  c o n t r o l  
has been developed and t e s t e d  w i t h  over  twenty gener ic  i n h i b i t o r s  and 
i n h i b i t o r  blends. Two prime consequences a re  f i r s t  t h a t  an " i n o r d i n a t e l y "  
e f f e c t i v e  i n h i b i t o r  does n o t  and w i l l  n o t  e x i s t ,  and second t h e  
e f f e c t  o f  i n h i b i t o r s  i n  va r ious  blends should be s t r i c t l y  a d d i t i v e  and 
n o t  s y n e r g i s t i c .  
F. Two i n h i b i t o r  squeezes have been designed and s u c c e s s f u l l y  t e s t e d  i n  t h e  
f i e l d  f o r  fo rmat ions  which c o n t a i n  no ca l c i t e -cemen t .  Th i s  has enabled 
doub l i ng  of p roduc t i on  from 15 t o  30 thousand b a r r e l s  pe r  day w i t h o u t  
sca le.  Th is  f i r s t  squeeze l a s t e d  a t  l e a s t  6 months. The second i s  
s t i l l  work ing a t  3 months. 
-- 
G. Several a c i d i z i n g  j obs  on the  P re ts  Well have been eva lua ted  and 
procedures recommended i n  o rde r  t o  t e s t  t h e  e f f i c i e n c y  o f  t h e  h y d r o c h l o r i c  
a c i d  use. I n  con junc t ion ,  a p u r e l y  mathematical p r e d i c t i o n  o f  s c a l e  
format ion r a t e  has been developed us ing  o n l y  b u l k  f l o w  parameters and 
seenis t o  c o r r e l a t e  we'll w i t h  observed sca le  fo rma t ion  r a t e s .  
FUTURE WORK AND DISCUSSION 
PRQPOSED WORK 
I 
I .  CONTINUE OUR PRESENT LEVEL OF ASSISTANCE: 
A. F I E L D  ANALYSES OF CHEMICAL PARAMETERS AND INTERPRETATION OF DATA. 
B. ANALYTICAL WORK I N  LABORATORY, INCLUDING INHIBXTOR EVALUATION. 
C. INFORMATION TRANSFER 
1. AS INDIV IDUALLY REQUESTED. 
2 .  V I A  PUBLICATIONS 
11. FATE OF INHIB ITORS I N  FORMATIONS. WHAT ARE THE L I M I T S  OF AN I N H I B I T O R  SQUEEZE? 
NOTE: 500 l b  OF I N H I B I T O R  A 1  $ 2 / l b  COULD CONTROL SCALE I N  5000 BPD BRINE 
WITH 0.25 mg/l FOR 2 YEARS. 
A. OPERATIONALLY: 
r r r r r 
I n h .  conc vs. distance 
6. MECHANISTICALLY: 
D i s s o l v e  and Reprec ip l ta te  Etch P i t  Attach 
C. RELEASE CONTROL: 
IS THE SLOW RELEASE OF INHIB ITORS CONTROLLED BY THE SOLID PHASE WHICH 
FORMS OR BY THE SOLUTION PHASE COMPOSITION? 
2 .  FORMATION TYPE 
I I I .  A N A L Y T I C A L  METHODS: 
A N A L Y T I C A L  METHODS ARE A V A I L A B L E  FOR MEASURING THE CONCENTRATION-OF 
A L L  "NORMAL" COMPONENTS OF B R I N E ;  I N C L U D I N G  A L L  SOLUTION,  GAS, AND 
S O L I D  PHASE COMPONENTS. WORK I S  NEEDED ON THE SEPARATION AND 
MEASUREMENT OF TRACE CONCENTRATIONS OF I N H I B I T O R  MIXTURES AND OF C A R B O X Y L I C  
A C I C  I N H I B I T O R S .  T H I S  WILL MOST L I K E L Y  BE DONE BY H I G H  PRESSURE 
L I Q U I D  CHROMATOGRAPHY. 
I V .  R E L A T I O N S H I P  OF SCALE TO CORROSION. A F I L M  OF SCALE I S  GENERALLY PROPOSED 
TO BE R E S F O N S I B L E  FOR CORROSION I N H I B I T I O N  I N  SCALE FORMING B R I N E S  AND 
WATERS. I F  SCALE I S  "ABSOLUTELY"  I N H I B I T E D ,  IT MAY PROMOTE C02-ATTACK 
CORROSION. 
